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Trypanosome Diseases of Domestic Animals in Nyasaland. 
III. — Trypanosoma pecorum. 

By Surgeon-General Sir David Brock, C.B., F.RS., A.M.S. ; Majors David 
Hakvky and A. E. Hamebton, D.S.O., E.A.M,C. ; and Lady Brock, 
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.(Eeceived April 14, — Bead May 8, 1913.) 

Introduction. 

This trypanosome has been found in the neighbourhood of the camp at 
Kasu, in cattle, wild game and wild tsetse flies. In a herd of cattle belonging 
to the Mvera Mission, wliioh lies about two miles to the east, 32 per cent, 
werei found to be infected by this disease. The mission .station is built near 
the edge of the '' fly-country,” and there is little doubt that the cattle were at 
times exposed to the bite of the “ fly.” After the disease had been discovered 
to be present in the herd the animals were prevented from grazing in the 
direction of the danger, and since then no new cases have occurred. It is 
also the species of trypanosome most commonly found in the blood of the 
wild gome in this district, and consequently the tsetse fly is found infected 
with it more frequently than with any other. It is one of the most important 
trypanosome diseases of domestic animals in Central Africa, as it afleots 
them all-— horses, cattle, goats, sheep, p^e, and dogs. 

MoEi-Hoixioy OF Trypanosoma PECORUM. 

The desciiptiion already given* of this species of trypanosome as regards its 
movements atad appearance when alive, its shape, contents of cell, etc., when 
* ‘Boy; 8oo. Proc.,’ 19X0, B, vol. 82, p. 468. 
toIk Motxvni— b. ' , B 
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stained, are applicable to the species as it ocpiu's ia Kj^aealaiid and need, not 
be repeated, 

I. The Mvei'a Cattle Strain. 


Length . — The following table gives the length of this trypanpeome as 
found in the donkey, ox, goat, dog, and rat’ — 600 trypanosomes in all ; — 


Table I. — Measurements of the Length of the Trypanosome of the Mvora 

Cattle Strain. 


Pate. 

No. 

of 

eipt. 

Animal. 

Method of 
6xmg. 

1 

Method of ' 
•tewing. Average 
length. 

In miorone. 

) 

Maximxun | Mluinmin 
length, 1 length. 

1912. 








Jan. 

26... 

70 

Donker 

Osuiio acid 

Oienisa 

14 *1 

16 *0 

11*0 

March 

16... 

201 




12*9 

IB’O 

n ‘0 

April 

1«... 

446 

tf ...... 


II 

X4 0 

10 '0 

12*0 


18... 

291 




13 ‘0 

16 0 

12-0 

Jan. 

17... 

102 

Ox 



J4’8 

17 -0 

18*0 


17... 

103 




13 -0 

16-0 

12*0 

Feb. 

9... 

100 




18 0 

16 '0 

11 *0 


9... 

103 




14^6 

17*0 

a *0 


9... 

103 




14-6 

17*0 

12*0 


20... 

104 




14-0 

16-0 

12 0 


86... 

100 

II 

II 


14-4 

16 -0 

11*0 

March 

1... 

227 

11 



14 -0 

16 *0 

12 0 


1... 

228 

»> 

11 


14 '6 

18*0 

a 0 

r«b. 

2fi 

208 

Ooafc 



13-2 

36-0 

0*0 


29... 

178 

jf 

fi 

.•» 


13-2 

16 0 

10*0 

March 11.,, 

1 206 



14 6 

17 -0 

31*0 

If 

a... 

; 208 

If 

II 


14*6 

16 0 

12 *0 

Way 

20... 

1 199 

II 

II 

11 

13 3 

16 0 

12 *0 

Feb. 

16... 

! 16 

Bog 

ii 

1 

II 

1 18*8 

16 '0 

no 

II 

2«.., 

212 

II ■ • ■ 

II 

II I 

14 ‘4 

16*0 

18 0 


26... 

214 

II •» 

II 

11 ' 

18 '8 

15 0 

11*0 


26... 

217 

jj 

11 

^ II 

13*6 

16 *0 

1 12*0 

March 

4... 

218 

1 j» 

11 

II 

18 *8 

16 *0 

1 12 *0 

It 

14... 

223 

Bat 

1 

II 

14-8 

16 *0 

18 *0 

M 

18... 

223 

II 

II 

11 

u-r 

; 16*0 

13*0 






14 0 

is-o 

9*0 

i 


The average lengtli of the trypanosome of the Mvera Cattle strain, in 
different species of animals, is as follows (Table II) 

Bats were, as a rule, immune to this strain, but on one occasion, in a case 
of mixed infection, it was found along with T. brmd. It was thought 
that the presence of T. brum may have broken down the rat's immunity 
to T. pmrwn. 
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Table n. 


Spedea of aniiuttl. 

I 

Kuntber of 
trypauoaoxnefl 
xueastiTod* 

' In miorons. 

Arerage length. 

Maximum 

length. 

length. 

! Donkey 

80 

18*5 

16-0 

11*0 

i Ox 

180 

14*3 

17*0 

11*0 

( Ch>at.., ...i 

100 

18 '8 

17-0 

9*0 

j I>Og j 

lOO 

18*8 

16*0 

n *0 

1 Kat 

I 1 

40 

US 

ie -0 

18*0 


Table III. — Distribution in respect to Length of 600 Individuals of the 

Mvera Cattle Strain. 


Animal. 

In mioiontt. 

Aterage 

length. 

9. 

10. 

U. 

12. 

18. 

14. 

16. 

16. 

17. 

18. 

19 . 

Donkey 


i 

1 

2 

6 

2 

6 

4 

M. 


I 

14 *1 

» 

— 

} — 

1 

8 

6 

4 

1 

1 

— 

— 


12 *9 

n 


t 

— 

2 

4 

8 

4 

2 

— 

— 

— 

14 *0 

»» 



.... 

9 

8 

6 

2 

— 

— 

— 


18*0 

, Ox 



— 


6 

4 

7 

2 

1 

— 

— 

14 ‘8 

>1 • • 


— 


4 

6 

8 

4 

4 

— 

— , . 

— 

18*9 

St 


— 

8 

4 

6 

8 

4 



— 

— 

18*0 

« 



2 

1 

1 

6 

6 

2 

8 

— 


14*6 

tt 


— 

— 

1 

2 

8 

5 

8 

1 

— 


14*6 

M 



— 

2 

5 

5 

7 

1 

— , 



14*0 

f» *■* 


— 

1 

2 

1 

6 

6 

6 

— 

— 

— 

14*4 

1, t* 


— 

— 

S 

4 

6 

0 

2 

— 


— , 

14*0 


.. 



1 

1 

8 

6 

6 

1 

2 

1 


14*6 

, cioat 

1 




4 

. 6 

7 

8 




— 

18 *2 

ti - * 


1 

8 

1 

8 

4 

4 

— 

— 

— * 

— 

18*2 


--- 



1 

4 

4 

4 

7 



— 

14*8 

»i 1 


— i 

1 

^ 1 

1 

^ i 

6 


1 

— J 


14*6 

If 

— 

«r- , 


8 

4 

7 

8 


— , 


— , 

18*8 

Dog 

— 

— 

1 

4 

2 

6 

6 

2 




--- 

18 *8 

11 

i 

— 

; 

— 

4 

8 

7 

8 

— 


— . ■ 

14 *4 

»J 


— 

2 

8 

6 

7 

2 

1 


— 

— 

1 18*8 

tt 

— 

— 


2 

9 

8 

8 

— 

^ — 


— 

18*6 

* * ■ ■ • 

1 

1 

— 

2 

7 

6 

4 

2 




18*8 

Rat 


' ^ 

— 


1 

7 

7 

6 


— 


14*8 

»» 



' 

— . 

1 

9 

6 

6 



— * 

U *7 

Total* 

1 

1 

16 

84 

101 

186 j 

114 

69 j 

a 

1 

— 


PerPentagM 

0*8 

0 *2 

8*0 

12 'sj 

20 * 2 ' 

■J 

27 ‘2 

22*8 

11*8 

1*8 

0*2 

j 
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Chart 1. — Curve representing the Distribatioa, FeraestRgM, m rwpoot to Lutgtii) 
of 500 Individuals of — ^The HvOro Cottle Stnun. 



This curve is made up of measurements from 80 specimens of trypano- 
somes taken from the donkey, 180 from the ox, 100 from the' goat, 100 from 
the dog, and 40 from the rat. 

BTtaMh . — Measured across the broadest part of the body, but not including 
the undulating membrane, the Mvera Cattle strain of T. pecorum averages 
197 microns (maximum 8, minimum l'2o). 

II, The Wild-game Strain. 

The oitrated blood of the wild game was brought up from the “ fly-country ” 
by a motor-cyclist, and at once iiijected into a goat, monkey and dog. A 
description of the kind of wild game found in this locality and the trypano- 
somes they are infected with was given in a previous paper.* 

Length . — The following table gives the length of this trypanosome as found 
in the goat, monkey, dog, and rat, 500 trypanosomes in all ; — 


* ' Boy. Soo, Proc.,’ 1913, B, vol. 86, p. 869. 
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Table IV.— Measurements of the Length of Trypanosoma 2>eeoTim — ^The Wild- 

game Strain. 


Date. 

No. 

of 

expt. 

Animal. 

Method of 
ilxing. 

Method of 
etaining. 

In microns. 

Average 

length. 

Maximum 

length* 

Minimum 

lengtli. 

1912. 






' 


Fob, 

1.., 

46 

Ooat 

Oainic acid 

Gietuea 

16 -7 

17*0 

13 *0 


26 ... 

898 




14*6 

17 *0 

12 0 

Sept. 

2... 

1081 



It 

14 -1 

16 0 

12*0 

1) 

0... 

1037 




13-9 

16*0 

12-0 

9f 

9... 

1089 

.. 



15-0 

18*0 

12*0 

»t 

0... 

1121 




14 ‘6 

16*0 

18*0 

II 

12... 

1039 




14*3 

16*0 

12 ‘0 


28... 

1888 




18*8 

16 *0 

11 0 

Oct. 

7... 

1807 




13 *7 

16 *0 

12 0 

ji 

7... 

1388 




18 *4 

16 *0 

12*0 

AprU 

22... 

408 

Monkey 

>s 


14 1 

17 *0 

12 *0 

Sept. 

9... 

i 1085 

}» 

ft 

i 

>1 

14 -6 

17*0 

11*0 

April 

8... 

; 365 

Dog 


II 

14*2 

17 *0 

12*0 

A^. 

11... 

1 866 

»» 

fl 


14 *8 

17 *0 

12*0 

19... 

1 1015 

j* * 


II 

14*8 

17 *0 

18 0 

Sept. 

2.,, 

I 1086 

, 



14 *8 

18*0 

12*0 


9... 

1 1086 




14 *9 

17 0 

18*0 

« 

12... 

i 1016 

>1 a s T T » 

II 

» 

It 

1 ' 

14*0 

16-0 

12 *0 

M 

12... 

1 1086 

II 


11 

14 *1 

16*0 

18*0 

Nov. 

7... 

; 1610 

>> * * > • « 


It 

< 14*0 

16 *0 

12*0 


18... 

' 1610 

* . . . . 

11 

It 

j 14*2 

16 *0 

12*0 

May 

16... 

i 611 

Eat 

91 

It 

, 14*8 

18*0 

12*0 

Not. 

26... 

1618 

J» 

94 

1) 

14*1 

16*0 

12*0 

Dec. 

26... 

j 1608 



99 

II 

16*0 

18 *0 

18 *0 

*i 

26,. , 

i 

I 1608 

1 

11 

91 

II 

14 *6 

17 *0 

18*0 


! 

1 



14 *3 

18 *0 

1 no 

1 


The average length of the trypanosome of the Wild-game strain, in different 
.species of animals, is as follows ; — 


Table V. 


Species of animal. 

Numbe? of 
trypanosomes 
measured. 

• 

In microns. 

Average length. 

Maximum 

length. 

Minimum 

length. 

Ooat ; 

200 

14*2 

ISO 

11*0 

Monkey 

40 

14*8 

17-0 

11*0 

bog ; 

180 

14*8 

17*0 

12*0 

Eat 

80 

14*5 

18*0 

12*0 
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Table VI. — Distribution in respect to Length of SOO Jndividu^ of the/Wiid 
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On^km 2,'^wrva repw^eaenting thjfe Diatributioii, by PeroentingeB, in reapect to Length, of 
500 Individuals of T. peconm^ Wild-game Strain, taken at random from various 
animala 



This curve is made up of uieasureinents from 200 specimens of trypanosomes 
taken from the goat, 40 from the monkey, 180 frorri the dog, and 80 from 
the rat. 

The following table gives the distribution in respect to length of T,pecoTim,^ 
Wild-game strain, taken from a single rat on consecutive days, as was done 
in the description of the morphology of T, hriwci vel rhodedense. In tlriscase 
the rat is not a suitable animal, since many strains of T, iMorxm have no 
effect on it 
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Table Vll.—Distribution in respect to Letsgth trf 500 IndividmlB of tibe 
Wilcl-gaiue Strain, taken on nine consecutive days from Eat 510. 


i 

1 

1 AnimL 

i 

i 




In jnicTona. 




Ara*iwe 

length. 

10. 

11. 

X2. 

13. 

14. 

16. 

36. 

17. 

; 


„ 

2 

. 2 

7 

6 

2 

1 

34*8 



— 

4 

4 

n 

i 


— 

13*4 



1 

1 

S 

8 

2 

— 

— 

18*4 

* 

— 

— 

3 

10 

8 

4 


— 

18 '4 



1 

1 

9 

6 

8 


— 

18*4 



— 

6 

3 

8 

3 



33 ‘4 

1 j 

— 


1 

8 

6 

4 

X 

— 

18 •$ 

i» ■ • ■ 


— 

1 

6 

6 

7 

1 


14 T 


— 



% 

7 

4 

7 

— 


13 *8 


— 

— . 


3 

6 

11 


1 

14 6 



2 

1 

4 

9 


— 


13 *6 




7 

7 

5 

1 

— 

— 

13-0 


, — 


6 

4 

0 

1 

1 


13 *4 


— 

1 

1 

8 

7 

8 



18*6 



1 

— 

8 

8 

3 

6 

— 

: — 

18 *8 



— 

1 

— 

2 

6 

5 

6 ■: 


14*8 


— 

— 

— . 

30 1 

6 ! 

5 

— 

— 

18 *7 

)# . . . * . i - . . 1 . . 


1 

2 

4 

8 ! 

5 


— .. 

13*7 

#) 

— 

«... 

1 1 

3 

8 ! 

7 


1 

14*2 


— 

, — 

X 

6 

9 1 

4 

— 

— 

18*8 

a • 

— 


— 

i 2 

7 

8 

a 

-«r ! 

14*6 

H • * 

— 

2 

X 

6 

4 

8 

— 


18*7 

M 

— 

— 

5 

4 

9 

2 

— 

I 

18*4 

i» • • • • • 

— 


3 

6 

5 

6 

— 


la *7 

Ji 

! 

__ 

1 ' 

2 

5 

6 

6 

1 

! ^ 1 

14 *0 

Total 1 

1 

9 

63 

137 : 

168 

117 

14 

6 


1 

Percentages j 

0*2 

1-8 j 

10*6 

27*4 

as e ! 

1 

28 *4 

2*8 

1 2 




2Hmm$ ^ Bome^ie Animaig in Nf/asctkmd, 9 

Chaht d.--Clurv« repreaeiiting ih» Distributiofl, by P^^ientages, in roap^ to Length, of 
fiOO ludividuala of p^corum^ Wild-game Strain, taken on nine coneecutive daye 
from Eat 510« 



Breadth, — T, pmrum^ Wild-game strain, measured across the broadest part 
of the body, not including tlie undulating membrane, averages 1*97 micron 
(maximujn 2*76, minimum 1*25). 

III. The TFild Glossina morsitans Strain, 

The tsetse flies were brought from the neighbouring fly-country ” and fed 
on goats, monkeys, and dogs as described in a former paper.* 

Length , — The following table gives the length of this trypanosome as found 
in the goat, monkey, dog, guinea-pig, and rat, 500 trypanosomes in all : — 


* ‘Boy, Soc, Proc.,* 1018, B, vol. 06, p, 408. 
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Table YIIl. — Meaeutemente of the Length of T, jMeimMR<^Tbe WiM ^lowma 

morsitan» Strain. 






Method ot 
filing. 

MetUcHl of 
staining. 


In microns. 

Bute. 


Anima}. 

Average 

iongtlt. 

Maximum 

length. 

Minimum 

length. 

1912. 

Feb. 18... 

89 

Goat 

. 

Osuiic acid 

Giaiusa 

12 ‘6 

14 0 

10 *0 

ti 

19„. 

89 




18 '9 

17 -0 

11 '0 

Mar, 

4,.,. 

80 




14 ‘2 

16-0 

18*0 

^ril 

26... 

868 

» ■ • 

»> 


14*4 

17 *0 

U*0 

June 

18... 

422 



18 '8 

16 '0 

10-0 

)» 

17... 

422 

II ......... 

ti 


18 *6 

16 0 

11 0 

M 

July 

20... 

564 




18 *0 

15 *0 

10 0 

24... 

665 




18-8 

16*0 

11 *0 

1 ... 

665 

ti 

ti 


12 ‘9 

16*0 

9-0 


8... 

684 




14 ‘5 

17*0 

12*0 

Juno 

10... 

450 

Monliey 

It 

IF 

18*6 

16*0 

12 *0 

July 

8... 

628 

It 

II 

f} 

18 ‘7 

16-0 

11 *0 

Mar. 

9... 

266 

Dog 

»» 

ff 

14*6 

17 *0 

12-0 

It 

38... 

256 



>• ' • ‘ 

It 

PI 

18 *6 

16-0 

11 *0 

»i 

18... 

268 

»t 

II 

18 *7 

16-0 

12 *0 

7i 

18.. 

822 

» 

tt 

II 

18 *4 

15-0 

11-0 

ti 

21... 

266 


t> 

>9 

M 

14 *6 

f7-0 

13 '0 


21... 

258 

it 

it 

14*1 

17-0 

12*0 


21... 

822 

«t 

ft 

>1 

161 

17-0 

12 '0 

AnHl 

B^y 

22... 

400 

* ♦ • 

1) 


14 ‘7 

17-0 1 

18*0 

16... 

452 

Guiu6a«pig ... 

tt 

II 

14 *6 

ISO I 

12*0 

11 

9... 

454 

Bat 

II 

% 

Pf 

18 *9 

17-0 

12*0 

)t 

9 . 

456 

ti 

II 

It 

14*0 

160 1 

12*0 

1} 

16... 

454 

ti ■ • • 

12 

II 

18*7 

16 -0 i 

12 *0 

t> 

16... 

455 

»> 

II 

M 

14*8 

16-0 

10 '0 

i 



1 

1 


18 -9 

18*0 I 

1 

j 9-0 


The average length of the trypanosome of the Wild Oloasina mortUam 
strain, in different species of animals, is as follows ; — 

Table IX. 


. 

Specie* of animal. 

Xumjber of 
trypanoaomee 
measured. 

1 

In microne. 

Areiage length. 

Maximum 

length. 

Minimum 

length. 

aoat ’ 

200 ! 

18 S 

17*0 

9*0 

Monhey 

40 j 

18*6 

16 *0 

11^ 

Dog 1 

160 . 1 

14*2 

17*0 

11*0 

Guinea-pig 

20 

14*6 

ISO 

32*0 

Bat 

SO ' 

1 

14*0 

17*0 

10 *0 
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Table X.— Distribution in respect to Length of the Wild &lommu morsitam 


Strain. 


Animat 

In TQicrons. 

Average 

length. 

e. 

10. 

11. 

12. 

18. 

U. 

15. 

16. 

17. 

18. 

(Joat 


1 

8 

$ 

6 

5 

_ 


_ 

_ 

12 -6 

. 

— 

— 

1 

4 

3 

5 

8 

8 

1 

— 

la-o 


— . 

— 

— 

2 

1 

9 

6 

2 


— 

14 '2 


— 


2 

— 

3 

4 

7 

2 

2 

— 

14-4 


— . 

1 

8 

1 

3 

9 

2 

1 

— 


13 ‘8 

j 1) 

— 

— 

1 

— 

0. 

7 

2 

1 

— 

— 

18^6 



1 

— 

4 

8 

6 

1 

— 

— 

— 

18 -O 

,, 

— 

— 

1 

1 

11 

4 

3 




18*3 

1 , 

X 

— 

1 

8 

S 

6 

1 

— 

— 

— . 

12 *9 

i ,, 


— 


1 

8 

5 

7 

8 

1 

— 

14 *6 

Monkey 

— 


— 

2 

6 

10 

2 

— 

— 

— 

18*6 

ji 

— 

— 

1 

1 

8 

4 

4 

2 

— 

— 

18*7 

I>Og 


— 

— 

1 

3 

6 

6 

8 

1 

— 

14 *6 

•» ■ 



1 

2 

8 

5 

2 

2 

— 

— 

18 -5 

*♦ 

— 

— 

— 

3 

4 

9 

4 


— 

— 

* 18-7 

1 

— 

— 

1 

8 

a 

4 

4 


— 

— 

13 *4 

i 

1 »> 


— 

1 

2 

i 2 


8 

5 

3 

— 

14*6 

j Jt 

— 1 

— 

— 

2 

5 

1 6 

6 

2 

1 

— 

14*1 


— 

— 


1 



3 1 

10 

4 

2 

— 

16*1 

1 „ 





4 

6 1 

6 

3 

2 

— 

U *7 

Ouinea'pig 


— 


1 

4 

1 ^ ' 

a 

3 

1 

1 

14 *6 

!^t 

! 


. — 

1 

7 

7 : 

3 

1 

1 

— 

18 *9 

>1 • , 

j — 

— 

— 

1 

6 

7 1 

6 

1 

— 

— 

14 ‘0 

p» j 

1 ^ 

— 

’ — 

1 

9 

6 : 

4 1 

1 

— 

— 

13 7 

1 



— 

1 

— 

— 

1 

1 ® ' 

6 

8 

i 


14*8 

Total 

i i 

1 j 

'Ti 

^1 

16 

L 

42 

1 120 

1 

j 147 

1 103 

42 

Ll; 

1 ’ 


Percentages ... 

0 2 

i 

0-8 

: ! 

3-2 

8 '4 

26-8 

j 29-4 

1 

20 *6 

8*4 

j 8*0 

1 

0-2 j 



Chart 4.““Curve representing the Dietribxition, by Percentages, in respect to Length, of 
dOO Individuals of T, pectw^m — ^The Wild Olo$Bina morsitatiB Strain. 
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This curve is made up of measurements from 200 spedusmiiB trypano* 
somes taken from the goat, 40 from the monkey, 160 from the dog, 20 horn 
the guinea-pig, and 80 from the rat. 

Breadth . — Measured across the broadest part of the body, not including the 
undulating membrane, T. j^ecorum, Wild Olosaina morsUans stnun, averages 
1*94 micron (maximum 2 75, minimum 1*26). 

Comparison of the Mvkra Cattle -Strain, Wild-game Strain, and Wild 
Glossina mousitans Strain of T. pkoorum. 

The following table gives the average length of this trypanosome in the 
three strains under consideration, as found in the donkey, ox, goat, monkey, 
dog, guinea-pig, and rat ; — 


Table XL — Measurements of the Length of the Trypanosomes of the 

Three Strains. 


Date. 

Strain. 

No. of tr^fpano* 
Bomefl meaiured. 

Animal. 

In micronB. 

Average 

length. 

Maximum 

length. 

Minimum 

length. 

1 

1&12 1 

^ Mvena cattle 

r 1 

aoo 1 

Various ... 

14*0 

18-0 

o-o 

19X2 

1 Wild game 

600 1 

i» ' • • 

14-8 

18*0 

11 -0 

1912 

Wild womVrtJW . , , 

! 600 

If 

I 18*9 

1 

18 0 

»-o 
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COMPAHISOK OF TUB CUEVKS EEOM THE THREK STEAJWSi 



Table XII. — Distribution in respect to length of 2000 Individuals of the 
Three Strains of T. pecw'um. The trypanosomes have been taken at 
random from various animals. 



In mioroxis. 


9. 

10. 

11. 

12. 

la. 1 14. 

1 

16, 

16. 

17. 

18. 

UJoUli 

2 

6 

42 

198 

m 1 618 

468 

178 

61 

G 

P«raentoge« ......... 

0*1 

0*8 

2 1 

9*6 

22-6 1 ao'0 

22-7 

. 

8*9 

2*6 

0*8 
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Chart 6 .— -Curve repreeenting the Diatribution» by Percentage*, in reapeot to Length, of 
2000 Individuale of the Hiree Strains of T, pecorum^ Nyaealand, described in this 
papers 
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Table XIIL — Breadth of the Three Strains of T. pecorum. This does not 
include the undulating membrane. 


Strain. | 

A verage 
breadth. 

Maximum 

breadth. 

j 

Minimunj | 
breadth. 1 

1 

1 ^ 

! Mvera cattle ... ; 

187 1 

8-0 

1'25 

Wild game j 

107 1 

1 2-76 

1*25 

Wild mor^ifaus 1 

Z *S4 

I 2 76 

1*26 

1 Average ! 

1 1 

1*96 

i 

1 2*83 

1-25 1 

! 
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ANIMAU SUSOEFXIBIiB; to Tbypakosoma pkcorcm. 

1. The Mvera Cuttle Strain. 

Table XIV, 


Date, 

No. of 

eipt. 

Source of tItui. 

Period of 
inoubation} 
in daji. 

Duration 
of disease, 
in days.*' 

Remarks. 

1912. 

Jati. 26... 

201 

Natural infection 

Donkeys. 

P 


Still alive after 877 day». 

20... 

292 

» 

? 

87 P 

Died of T. jpecortwa, April 22. 

June 18... 

706 

„ 

P 

— 

Still alive after 288 days. 

„ 18,.. 

706 


? 

— 

„ 2M 

„ 18... 

709 


? 


*88 „ 

Jan. 16... 

16 a 

Natural infection 

Cattle. 

? 


Still alive after 887 days. 

16... 

15 A 


p 


II 887 ,, 

„ 16... 

16 c 

It 

P 

«« 

,1 887 „ 

10... 

15 rf 



p 

P 

Died at Mvera of T. pecorum. 

16... 

16 c 


p 

? 

1* II 

16... 

16/ 

j* 

P 

? 

II M 

M 16.. 

15/? 

»i 

? 

? 

11 It 

„ 16... 

15A 

II 

? 

P 

II it 

16... 

100 

I* ...... 

p 

78? 

Died of r. April 28, 

16... 

101 

1* * 

II 

? 

30? 

1 ) i) Feb. 15. I 

16... 

102 

P 


Still alive after 887 days, ! 

» 16... 

108 

,« ...... 

P i 

201? 

Died of T, peeorwm, Ang. 28. ! 

„ 10... 

104 

li 

p 

— 

Still alive after 387 days. j 

„ 16... 

105 

II 

P 

— 

887 „ 

M 16...; 

no 

i« 

? 

P 

Died at Mvera of T. pecorum. j 

,, 16, ..j 

174 

It 

? 

P 

11 p 1 

Feb. 16 . 

226 ! 

From liog 1(5 

11 


Still alive after 866 days. 

,1 866 „ ! 

16... 

227 i 

16 

7 

— 

„ 16... 

228 

„ 10 

11 


It 866 „ j 



Arerage 

10 

108 



Goats, 


Feb. 

14... 

203 

From Cow 108 

12 

29 

Died of T, pecorum. 


14... 

205 


U)8 

10 

40 



14... 

206 


108 

16 

85 

II *> 


14... 

208 

It 

108 

12 

86 

fi II 

II 

16... 

178 

From Dog 16 

12 

88 



16... 

190 


16 

11 

209 

ti ti 

H 

16... 

204 

II 

16 

10 

' 

Still alive after 866 days. 





Average 

18 

64 







Dogs. 



Jan. 

17... 

16 

From Cow 102 

26 

80 

Died of T. peoorum. 

11 

17... 

17 

II 

108 

18 

56 

» II 

II 

17... 

18 

II 

101 . .. 

— 

— •' 

Never showed trypanosomes. 

ii 

17.„, 

19 

11 

100 

13 

56 

Died of T. peeorum. 

Feb, 

14.. 

217 


108 

16 

28 

II 

16... 

212 

From Dog 16 

0 

26 

II II 

II 

16... 

2U 

II 

16 

10 

26 

i] ti 

ii 

1 «... 

218 

II 

'16 

17 

22 

it 11 

ij 

18... 

226' 

II 

16 

10 

26 






Average 

14 

84 



• Duration inoludw iii# day» of iaoubation j it datw from day of iufeotion. 
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Table XIV — tmUnvud. 


Bate. 

No, of 
expt. 

1 Source of virus. 

Period of 
iucubatioUf 
in days. 

Buration 
of diseassi 
in days.* 

BemaHfs. 

1912. 

Feb. 14... 

221 

c 

Frouii Cow 108 

Guinea-pigs. 


Never showed trypanosomes. 

,» U... 

222 

108 

1 

— 

*1 

,1 15-.. 

221^ 

From Bog 16 ! 

1 ) 

— . 

* t 

„ 16.J 

280 

16 ! 

[ 1 

— 

ft H 

Feb. U... 

224 

From Cow 103 

Bats. 


Never showed trypanosomes. 

„ 16... 

281 

From Dog 16 , 


— j 


p 16... 

282 

U 16 

j 

— i 


May 4... 

60$ 

From Cow 108 

— < 

— 1 


A 

609 

103 .. 

! 

-~w 

tt fs 


• BurftMon includes the dftya of iBCttbatiou j it date# fwm day of infeotion. 


Disease set up in Various Animals ly Trypanosoma peeorum, Nyasahnd — 

The Mvera Cattle Strain. 

Donkeys . — When the Commission arrived at Kasu in January, 1912, the 
neighbouring Mvera Mission Station owned a herd of 16 donkeys. On 
examining them five were found to be infected with T. peeorum. One died 
after 87 days ; the other four are at present free from trypanosomes and 
apparently in good health. It is tnie that three of the apparently recovered 
animals were given arsenic for some months, but the fourth, which got 
none, did equally well. It may also be noted that two of the four have 
recently given birth to healthy foals. Susceptible animals inoculated with 
the blood of the four donkeys remained healthy. From this it would 
appear that this strain of T. peeorum is not very fatal to donkeys. 

CaiiU . — A year ago the Mvera herd consisted of 60 head of cattle, and of 
these 16 were found to be infected with T. peeorum. At the present date 
10 of these have died of this disease and six remain alive. The six have 
shown trypanosomes in their blood for some months, and their blood 
inoculated into healthy dogs has proved non-infective. In spite of this, 
however, these cattle remain in poor condition : thin, with rough, staring 
coats, and eveay appearance of suffering from a chronic disease, and it 
seeins highly probable that more of them, if not all, will succumb to the 
effects of the trypanosome. Three oxen (Experiments 226, 227, and 228), 
which were inoculated from a dog whose blood contained T. pecortm^ at 
the present date appear quite healthy and have apparently recovered. 

Goats . — The Mvera Cattle strain is fatal to goats, killing them, as a rule, 
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in 30 to 40 days* One goat lived 209 days, and another is still alive 
after a year and appears to have recovered* 

Monkey B.—lSo experiments were made on monkeys with the Mvera Cattle 
strain. 

Dogs , — It is curious that this strain, which is harmless to guinea-pigs and 
white rats, is the most virulent of the three to dogs, killing them, without 
exception, in about 80 days. 

Guinea-pigs and White Bats , — The Mvera Cattle strain has no effect on 
guinea-pigs or white rats. It is important to note how different strains of 
T, pecorum vary in their l)ehaviour to the smaller laboratory animals. 

II. The WUd-game Strain, 


Table XV. 


) . 

i 

1 Period of 

Duration 


Source ol Time, 

1 inoabation, 

of diseaBe, 

Eemarks. 


! in day«. 

in day».*^ 



1912. 



Goats. 


[ 

Jan. 22... 

45 

From Bland 44 

11 

70 

Died of JT. pMorum, ^ 1 

Feb. 7... 

141 

From Ooat 45 

8 

54 

1 

»» »* 1 

Mar. 16... 

886 

„ 46 

9 

48 

»> *1 ‘ 1 

„ 16.,* 

887 

. 45 

9 

20 

*) »> 1 

16.*, 

388 

>, 46 

9 

41 

1 

Still alive after 201 days. J 

July 20... 

899 

From Beedbuck 912 ... 

12 


28... 

898 

From Hyena 965 

From Bfand 1013 

18 

89 

Died of T, p^eorum. 

„ 80... 

978 

18 

98 

»» n 

Aug. 11... 

1087 

From Watorbuok 1061 

8 

23 

Mixed infection. 

» 18,.. 

1086 

From Bushbuck 1078... 

18 


Still alive after 172 days. 

„ 18... 

1037a 

„ 1084... 

22 

28 

Died of T, pacorum. 

*, 19... 

1106 

From Oribi 1096 

21 

74 

» n 

„ 24... 

1121 

From Eland 1202 

16 

82 

n j 

Sept. 4... 

1081 

,* 1044 

16 

48 


*7 

,, / . . i 

ns6 

From Buahbuok 1261... 

19 

85 


» 11.*. 

1807 

From Buffalo 1804 

26 

86 

»» » 

„ 17... 

1888 

From Koodoo 1880 

6 

68 


Oct 6,,.! 

1474 

i 

From Eland 1471 ! 

Average 

22 

15 

Monkeys. 

66 

Still alive after 128 days. 

April 9... 

408 

From Dog 866 

9 

236 

Died of T. peeontm. i 

July 20... 

918 

EVom Be^buok 012 ... 

— 

— 

Never showed trypanoeomes. 1 

n 28... 

969 

From Hyena 966 

From Eland 1018 

— 1 

— 

1 

>> II ) 

p 80... 

1014 

27 

lOl 

Died of T, peconm, j 

Aug. 11... 

1062 i 

From Waterbuok 1061 j 

— 

— 

Never showed trypanosomes. 

» 18...! 

1079 1 

From Bushbuck 1078... j 

— 


V II 

Died of T* pfeontm. 

« 18... 

1086 

1084..,; 

11 

SB 

. » W - 

1087 

From Oribi 1096 ! 


— 

Never showed trypanosomes. 

Sept 7... 

1262 

From Buahbuck 1281 ... 

— 

— 

>1 It 

„ 11** » 

1806 

From BujMo 1804 

— 

— 

It » * 

,2 17,*. 

1881 

From Koodoo 1860 i 

, — 

— 

II It 


1478 

From Hartebeeste 1468 

Average 

16 

14S 

*> n 


Jhivftttdn the dax* mouhfttiQii t it datee horn dey of toleetbn. 

VOX-. twdcrn.~B, 


0 



18 


Sir D. Bruce and others. Trypcmcmme 


Table XV — contuimd. 


Bate. 

No. of 
expt. 

Source of tirus. 

Period of 
ineubatiou, 
in daye. 

Duration 
of diseaee, 
in days,* 

Bemarke. 

1912. 
«ran. 22... 

46 

From Eland 44 

Dogs. 

«Sfc 


Never showed trypanosomes. 

Feb. 7... 

1B4 

From Goat 46 

8 

u 

Pied of 

„ 7... 

138 

45 



Never ehowed trypanosome*. 

Mar. 20... 

855 

„ « 

8 

222 

Pied of prrorww. 

» 20.*. 

356 

„ 45 

12 

80 

*» M 

Never showed trypanoeomes. 

! ,> 20 . . 

367 

„ 46 

— 

— 

May 4... 

514 

From Pog <S66 

12 

20 

Pied of T. pecorum. 

» 4... 

616 

„ 856 

9 

20 

>« »* 

Never showed trypanosomes. 

Juiy 20... 

9H 

From Eeedbuok 912 . . . 

- 


; 28 ... 

968 

From Hy»m 955 


— 

77 t» ! 

M 80... 

1016 

From Eland 1018 

15 

88 

Pied of r. pecorum. 1 

Aug. H... 

1068 

From Waterbuok 1061 


— 

Never showed trypanosomes. 

,, 18... 

1080 

From Bushbuck 1078... 


— 

*) »y 

18.. 

1086 

„ 1084,. 

8 

166 

Died of T. pecorum. 

„ 19 - 

1098 

FromOrxhi 1096 

— 


Never sbow'ed trypanosomes. ' 

27... 

1204 

From Kland 1202 

27 


Alive after 163 days. 

Sept. 7... 

1268 

! From Bu^bbuck 1261...' 



Never showed trypanosomes. 

„ 11..., 

1306 

From Buffalo 1304 

— 1 

— 

71 77 

' » 17... 

1882 

From Koodoo 1880 ...... i 

— j 

— 

»♦ » 

» 25... 

1 1456 

From Hartebeeste 1453 ' 

« i 

24 

Pied of T, pecorum. 

Mar. 20... i 

368 1 

Average ! 12 • 

Guinea-pig, 

From Goat 45 j — 

74 

( Never showed trypanosome*. | 

Mar. 20. , .} 

860 

From Goat 45 

Rats. 


1 

( 

1 

Never showed trypanosomes. , 

„ 2r .i 

361 

„ 46 


— 

7. M ' 

Pied of T, pecorum. \ 

May 4.. 

610 

From Pog 865 

9 

1 29 

„ 4. ; 

511 

,, 356 

9 

14 

M 7i 

Oot. 28 

1518 

j, 355.... 

— 


Never showed try^mnosomes. 

„ 28,..! 

1619 

„ 86S 

— 

— 

»t 77 

Nov, 16.,, 

1518 

From Monkey 403 

10 

BO 

Pied of T. pecorum. 

„ 10 . 

1619 

408 

17 

80 

77 71 

„ 16... 

i 1608 

From Goat 1136 

16 

1 45 

77 11 


! 

Average 

12 

30 

. 



• Dumtioa iooludea th® dnya of incubation ; it dates froui day of infection. 


J)ma»e set up in Variom Animals by T. pecorum, Ifyasaland — The Wild- 

game Strain, 

OcUUe . — No cattle were available for experimeat. 

Ooats . — As might be expected, T. peeorum from the blood of antelope 
behaves in the same way to goats as that from cattle. It has the same 
virulence, gives rise to the same symptoms and posl-mortem appearances. 
ATonibsys.-— The monkey is an animal not very susceptible to T. jweontm. 


Di$em€s of Donmtic Anim.aU in Nymmlan^ 19 

Blood takeu from a wild animal and injected at the same time and under 
exactly the same conditions into a healthy goat, monkey, and dog, will 
often infect the first and last and fail to infect the monkey. In 10 
experiments in which all the goats became infected, 8 of the 10 monkeys 
remained healthy. The disease is also much more chronic in the monkey 
than in the goat, the average duration of the disease in the former being 
142 days, whereas in the latter it is only 66 days. 

Dogs , — In comparison with the goat, the dog is also somewhat refractory 
to tbe Wild-game strain. In nine exiwiments all the goats became 
infected, while their companion dogs, injected with the same blood, remained 
healthy. 

Guima^pigs , — The one guinea-pig inoculated remained unaffected. 

}Vhite Rats , — This strain is irregular in its action towards white rats. In 
nine experiments four remained healthy, although the five which di<^ become 
infected died, on an average, in 30 days, which is moderately rapid for 
T, pecoTum, 

HI. The Wild Glossina morsitans Strain, 


Table XVI. 



No. of 
expt. 

Source of Tirus. 

Period of 
inoubation, 
in days. 

Duration 
of disease, 
in days.* 

Pemarka, 

Feb. 8,.. 

108 

Fly country.., 

Cattle. 

f 

140 

1 Mixed infection. 

Jon. 26. „ 

m 

Wild flies 

Goats. 

16 

60 

Died of T. peconim. 

7«b. 8... 

126 

it 

7 

36 

Mixed infection. 

» 8... 

176 


20 

88 


18... 

200 

M 

— 

— 

Never showed T, pscorum. 

„ 19... 

247 


21 

80 

Mixed mfeotioTi. 

•) 28 ... 

281 

1 

10 

69 

*1 II 

Mw. e...| 

278 

1 

6 

47 

II II 

9 ... 

270 

II 

— 

— 

Never showed T, pet^rum. 

18... 

843 

1 II 

11 

84 

Died of T. p^eorum. 

» 88... 

868 


12 

48 

Mixed infection. 

88... 

869 

From 0-oftt 109 



Still alive after 816 days. 

April 1... 

897 

Wild flies 

! 10 

60 

Mixed infection. 1 

8... 

408 

I It 

11 

40 

Died of T, peffontm. 

.. 10... 

410 

II 

— 


Never showed T, pect>rum. 

18... 

4X4 

II 

10 

86 

Mixed infection. 

„ 18... 

428 

' 11 

— 

— 

Never showed 7*. pecort^m. 

19... 

422 


7 

69 

Mixed infection. 

.. 98... 

1 420 

« 



Never showed T, 

„ 84... 

1 416 

i *1 

16 

49 

Mixed infection. 

89... 

429 

It ...... ......... 

12 

43 

ti ,> 

„ 

480 

' 11 

10 

46 ^ 

i> 11 


* PnrsHoa inolu4«i the dsyg of inoubatioo j it dstas hoxa daj of iafeotioa. 


C 2 
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Sir D. Bruce and othem Trypanoiotm 


Table XVI — continued. 


Bate. 

No. of 
expt. 

Source of Tims. 

Period of 
inoubation» 
iu days. 

Burarion 
of dieaase, 
in days.^ 

Eemarkt. 



Goats — ci/nUnued, 


1P12. 
May 4... 

484 

Wild flies 

0 

..M 

Still alive after 277 days. 

,/ 9,.. 

266 


8 

71 

Miied infection. 

;; 9... 

269 



14 

22 

n M 

„ 16... 

4X6 


5 

19 

>* it 

Never showed 

17... 

658 


__ 

— 

34... 

665 


7 

66 

Mised infection. 

28... 

664 


6 

29 

Died of T. pet^rum. 

;; 28... 

668 



9 

24 

Mixed infection. 

„ 81... 

670 

if 

4 

64 

7* It 

June 1... 

669 


5 

86 

J» *> 

,, 1... 

671 


11 

28 

It tt 

>1 2... 

620 


— 

— 

Never showed T. pecorum. 

;; 6... 

622 


16 P 

84 

Mixed infection. 

„ 8... 

627 


12 

24 

II It 

Still alive after 241 days. 

10... 

684 


9 

— 

;; 10... 

686 


18 

68 

Bied of T. pecorum. 

„ 14... 

640 


18 

60 

»» It 

17... 

046 


16 

82 

Mixed infectiotr. 

„ 26... 

716 


10 

64 

July 6... 

711 


20 

108 

Bied of T, />seor«f». 

„ 0... 

796 


10 

40 

•» . »i 

Oot. 14... 

1660 

From 0oat 1686 

9 

88 

Mixed infeetion. 

„ 28... 

1616 

Wild flies 

8 

81 

It It 

„ 81... 

1688 


8 

24 

>» II 

StUl alive after 86 days. 

Not. 18... 

1588 


Q 



.. 18... 

1618 





Never showed T. pecorum. 

„ 27... 

1688 


10 

65 

Mixed infection. 

Bee. 6... 

1667 


11 

— 

Still alive after 68 days. 

„ 6... 

1676 


4 

41 

Mixed infection. 

11... 

1685 


6 

38 

Still alive after 54 days. 

„ 14... 

1698 

From'Goet 1084 

9 

— 

„ 19... 

1708 

Wild flies 

7 


)» It ^ it 



j Average 

i 

46 





Pig»- 



Not. 18... 

1611 

WUdfiioi 



Never showed jT. ptcortm. 

« 25... 

1686 ! 


18 

— 

Stall alive after 78 days. 

Beo. 8... 

1666 i 


6 

17 

Mixed infection. 

,1 0... 

1674 1 


8 

10 

It M 

Never showed T. jpeeontm. 

„ 11... 

1683 ^ 

” ^ ^ , 



16... 

1701 

i ” 

6 

12 

Mixed infection. 

1918. 






Jau. 1... 

1726 ! 


6 

21 

Bied of T. 

„ 16... 

1771 

From Bog 17^ 

i 

— 

Still alive after 21 days. 

„ 21... 

1781 

Wild flies 

6 


It It 16 It 



Average 

8 

16 





Monkeys^ 



1912. 






Jan. 24... 

66 

Wild flies 

— 

— , 

Never showed 

Feb. 8... 

68 

ji 


— 

1* 0» 

„ 18... 

SIB 

* 

7 

9 

Mixed isrieetioii. 

„ 20... 

40 

»i * 



Never showed T. pecofum. 


** PufK^on inoludvs the dAj« of moubfttioti ; it datM f vom 4*7 of itifooUou. 
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Diseases of Domestic Animals in NyasoAcmd. 


Table XVI — continued. 


■ . 



Period of 

Duration 


Date, 

Oi OJt 

Source of virus. 

incubation, 

of disease, 

Heinarks. 


expt. 


in days. 

in days.* 




Monkeys — cmiiiimeiL 


19X2, 






April 10... 

404 

Wild flies 

— 

— 

Jfover showed T, pecorum. 

M 16... 

406 

II 


— 

ti i» 

» 18... 

447 

11 

— 

— 

II II 

„ 18. ,, 

448 

From Dog 328 

— 



19... 

450 

24 

202 

Died of T. pecorum. 

19... 

451 

„ 828 

17 

165 


„ 23... 

465 

Wild flies 

— 

— 

Never showed 2\ pficarum. 

„ 28,., 

m 

II 

24 

188 

Died of T, pemrutn. 

„ 26... 

488 


— 

— 

Never allowed T. pecorum. 

1, 27... 

495 

” 

— 


Mftv 3... 

504 


7 

11 

Mixed infection. 

M 3... 

606 

II 

— 

— 

Never showed T. p 0 eorum. 

„ 8 ... 

523 

II ' • * 

— 

— 

II M 

9... 

621 



— 


It ir 

„ u... 

546 

n 



II 11 

M 20... 

696 


34 

150 

Died of T.pceorum. 

.. 31... 

601 

II 



Never showed T. pecotHttH. 

June 6... 

623 

ti 

24 

180 

Died of 7\ perforum. 

M 7... 

625 

i> 

— 

— 

Never showed T, pecomm. 

t, 11... 

6S« 


— 

— 

M II 

„ 18... 

702 






„ 26... 

789 


— 


It II 

July 8... 

788 


— 

— 

>j » 

Sept. 26... 

1452 

» ‘ 

21 

84 

Died of T.pceorum. 

Oct. 29... 

1536 




Never showed 2\ peeorttm. 

Kov. 11... 

1686 

IJ 

— 

— 

' M II 


i 

Average 

20 

117 





Dogs. 



Feb. 24... 

268 

From Monkey 219 

12 

48 

Died of T. pevurum. 

M 28... 

266 

From G-oat 89 

16 

24 I 

j> )* 

Mar. 9... 

821 

I, 126 

; 12 

84 ! 

It IJ 

M 9... 

322 

„ 186. 

1 ^ 

48 j 

It It 

r 9... 

823 

89 

12 

26 

It t> 

n 9... 

824 

„ 89 

i 12 

24 

>t i» 

«... 

828 

Wild flies 

' 28 

89 

I) >< 

17. „ 

341 


1 16 

28 

II II 

„ 20... 

359 

From Dog 258 

8 

14 

It It 

M 22, 

862 

Wild flies 

10 

17 

II It 

April 3.'., 

400 


16 

18 

II i) 

« 12.„ 

436 

1 ) 

8 

37 

Mixed infection. 

„ 17... 

446 


38 

60 

Died of ST. pemrurn. 

„ 20... 

463 

)i 

21 

57 

II 11 

„ 20... 

464 


13 

67 

11 II 

» 24...! 

478 


18 

56 

II If 

„ 26... 

466 


16 

60 


H 25... 

468 



II 

11 

21 

II II 

,, 29... 

489 

li 

16 

49 

II ji 

.. »o.- 

WO 

11 

12 

48 

II II 

May 6... 

506 

It 

17 

41 

II ij 

II 6... 

607 


19 

42 

II II 

II 

686 


— 


Navet showed T, pecortrm. 

1, 10,.. 

688 


18 

3S 

Died of T. pecoram. 

1, 17.. 

549 

from Monkey 628 

10 

61 

Mixed infeotlou. 


* Duntiou InoiadM tlu da}r« of ineabation ; it dote* from day of infootion. 
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Table KVI—eontimted. 


Date. 

No. of 
expt. 


Period of 
incubation, 
in days. 

Diuation 
of disease, 
in days.* 

Bemarbs. 



Doga — cimiiimed. 


1912. 






Mar 17... 

661 

WUddiee 

8 

25 

Mixed infection. 

18... 

546 


80 


Still alive after 268 days. 

„ 24... 

678 

Ji - • - 

18 

24 

Died of T. 

„ 28... 

674 


16 

88 

t> >* 

„ 29... 

696 


3 

22 

Mixed infection. 

» 29... 

599 

)7 

22 

162 

Died of r, jtiecofKOT. 

.. 31... 

597 


8 

80 

>* tt 

„ 31... 

602 


6 


Still alive after 176 days, 

June 2... 

619 


10 

28 

Died of T, pteorum. 

» 7... 

624 


17 

80 


3, 8... 

626 


8 

54 

Mixed infection. 

0... 

680 


IS 

21 

Died of T. ptcontm. 

„ 13... 

666 


12 

— 

Still alive after 281 days. 

», 19... 

701 


11 

19 

Died of T,pe(ff>rvm, 

„ 26... 

729 


— . 

— 

Never nbowed T. pecorum. 

July 4... 

784 


14 


Still alive after 210 days. 

Oct. 29... 

1^37 


— 

... 

Never showed p 0 oorum. 

Nor. 12... 

1587 


20 

58 

Died of T. ptfcorum. 

19 . 

1012 


17 


Still alive after 78 days. 

„ 19... 

1615 

From Goat 1610 

9 

17 

Died of T. ;peco5^w, 

» 26... 

1637 

Wild flies 


— 

Never showed T. p^corum* 

Dec. 4... 

1666 


12 

82 

Died of T, pecorum. 

„ 6... 

1676 

>» 

— 

— 

Never showed T. peoorum* 

» H... 

1664 


. — 

— 

)i a 

,3 14... 

1691 

From Goat 1634. .. 

9 

21 

Mixed infection.’ 

» 14... 

1696 

1686 

5 

16 

»» »» 

» 18... 

1702 

Wild flies 

16 

88 

Died of T. pecor^tm. 



Arerage 

14 

87 




Guinea-pigs. 



April 19... I 

462 

From Dog 328 

18 

42 

Died of T, peatrtm. 

June 14... 

672 

„ 602 

— * 

... 

Never showed T. pecorim. 

» 14.,.; 

678 

,, 002 

24 

88 

Died of I’, peeontm. 

14 1 

674 

547 



Never showed. 7^. pfcor^w. 

jj -I'*...' 

■ » 14... 

676 

„ 647 

24 

44 

Died of T. pwiirum. 

,. 14... 

676 

„ 649 

— 


Never showed T. ptaorum. 

,, 14... 

677 

„ 549 

— 

_ 


» 14... 

680 i 

;; 561 

18 

39 

ft 

Mixed infection. 

„ 14... 

681 ’ 

;; 661 

20 

42 


II 14... 

682 

„ 696 

— 

— 

Never showed T.peeorum, 

„ 14. 

683 ! 

„ 696 .. 

— 

— 

U 1* 



Arerage 

19 

41 





Bata. 



ApriU9... 

454 < 

From Dog 328 

6 

28 

Died of 3r. pecorwn. 

I, 10... 

465 

„ 828 

11 

80 

it f* 

June 11... 

657 

» 661 

IS 

81 

Mixed infeetion. 

I, 11... 

660 

„ 602 

6 

70 

tt tt 

„ 12... 

656 

649 


.... 

Never showed 2*, pieorUM, 

1. 14... 

m 

„ 696 



tt n 

Not. 19... 

1616 

„ 1610 


1 . — . 


Dm. 14... 

1692 

„ 1684 

9 

1 27 

Mixed mfection, 

« 14... 

1696 

„ 1636 



Never showed !r*\peetori«n. 


! 

Average 

9 

87 



* Duration include$ the days of incubation; it datoi irotn day of infeotion. 




Dimmes of Domestic Animtds in Nyasaland, 28 

Bumss set up in Vkriotis Animals hy T. peoorum^ Nyasaland — The Wild 

G. moraitans Strain^ 

Caitle. — Only one ox was experimented with. It was sent into the 
“ fly-coimtry/’ and as a result incurred a double infection of T pecorum and 
J\ capree, and died in 1 40 days. 

Ooats, — wild flies brought up from the ** low-country ” were fed, as a 
rule, on a goat, monkey, and dog. As the flies were often infected with 
several species of pathogenic trypanosomes, the result was many cases of 
mixed infection. In 50 experiments with goats, 10, or one-fifth only, were 
infections with T. peconm alone. As T. pecorum is the most rapidly fatal 
trypanosome to goats among the various kinds of trypanosomes found in this 
locality, it may be assumed that the 28 goats which died of mixed infection 
owed this mainly to the T, peconm infection. 

Pig, — In eight feeding experiments with wild 0, morsitam, only two showed 
a ptire infection with T pecorum. One died in 21 days and the other is still 
alive after 16 days. Another pig was inoculated from Dog 1702 and is still 
alive after 21 days. This species of domestic animal may, therefore, be said 
to be susceptible to this disease. 

Mcnikep , — To this strain as to the Wild-game strain the monkey shows its 
refrac-toriness. These animals had the same chance of taking the disease as 
the goats and the dogs, but in 28 experiments the monkeys only became 
infected six times (21*4 per cent.), whereas in 50 goats there were 42 infections 
(84 per cent.), and in 41 dogs 35 (85*4 per cent.). The duration of the disease 
in the monkey is also long, the average in four cases being 138 days. 

Bogs . — The Wild (r, ^nordtam strain is fatal to dogs, killing them, on an 
average, in 41 days. In 35 oases of this disease among dogs, only five have 
survived to the present date. One of these may be said to have recovered, 
as the trypanosomes disappeared from the blood and the blood ceased to be 
infective. The other four still show trypanosomes in the blood after 268, 231, 
210, and 78 days respectively. The dog may, therefore, be said to be as 
susceptible to the Wild 0. mor&itans strain of T pecorum as the goat, few 
escaping the disease when bitten by an infective fly. 

&uima^pigs and White The susceptibility of these animals to the 

Wild Q. morsitam strain would be considered by some to go to prove that 
exaltation of virulence obtains after passage through the fly. This, however, 
is doubtful. Passage through the fly would more probably restore the 
trypanosome to its normal form — sometimes increasing, sometimes decreasing, 
its vimlence for a particular animal. 
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CostPARi^N or THE Thbbb Stkains in bEoabd to Taiia ViBUiiSSOi^^ 

TOWARDS VaWODS ANMALS. 


Table XVII. — The Average Duration of the Dieease in Various Animals, in 
days, 'i'he letter B means that the animal is refractory, that is, not 
susoeptible to the disease. 


1 Btnjn. 

1 Dookef. 

|o.. 

1 C^o&t 

hi 

1 1 Jhg, j G^iuvea^pig^ 

1 White ret j 

Mrem Cattle 

87 F 

108 P 

64 

i 

1 84 ; B 

' R 

VrUdOame 



66 

i 

148 1 74 i B 

80 

Wild 


140 

46 

81 j 

117 i 87 ; 41 

i 

37 


On the whole it may be concluded that the Wild 0. mordta'm strain is the 
mo.st virulent. 


Table X VIII. — The Percentages of Eecoveries in Various Animals from the 
Three Strains. The letter E stands for refractory. 


Strain. 

Donkey. 

Ox. 

i 

Ooat. 

Pig. 

Monkey. 

Dog. 

Ouiuea-pig. 

White rat. 

Mvem Cattle 

80 

87 

14 

1 


0 

K 

R 

Wild GNune j 



17 


0 

0 

R 

0 

Wild (?. «iomY«*wr 1 

1 1 

0 1 

6 


0 

2 

0 i 

j 

1 0 

1 


It must be confessed that the margin of error in a table such as this must 
bo enormous ; the fallacies are many. It is difficult or impossible to say 
when or if an animal has recovered from a trypanosome disease. The 
numbers employed are often small. For example, there is 0 per cent. 
Indicated in regard to Guinea-pig, Wild game strain. This animal is returned 
as refractory, but there was only one experiment. It is evident that it would 
1)6 more satisfactory if, say, a miniiuum of 10 animals of each species was 
used in studying each different strain. But in the wilds of Nyasaland tins is 
a counsel of perfection impossible to attain. At the present time the 
Commission finds the greatest difficulty in obtaining small numbers of such 
local animals as goats, monkeys, and dogs, while as to the smaller laboratory 
animals, they must come from England. This entails a heavy mortality, as 
may l)e judged from the fact that of the last Qons^nment of 25 guinea-pigs 
and 60 rats only 9 of the former and 12 of the latter arrived at Kasu alive. 

Thjc Averagk Duration op Life, in dats, op Various Animaxs iNPEcmtD 
BY T. PBCOBUM, NyASAIAND. 

The following table combines the results obtained from a study of the 
susceptibility of various animals to each of the three strains, so as to arrive at 






A iiiiwrioal ^xpre^ion of the viralentse of tho of K^aaidMui. It 

most be oarefttlly noted that only fatal oaiBes ate taken into account. ^ii 
human medicine duration of disease means the number of days between the 
beginning of the illness and recovery. Here it means the number of days 
between infection and death. The table also shows spinet which animal 
the energies of T. pecorum are chiefly directed. It is certain that it is only 
by the detailed study of mauy strains of each of the African species of 
trypanosomes that a satisfactory classification of this important group of 
liffimatozoa will lie arrived at. This work must be done on the spot, 
where the natural conditions for the normal life of the parasite are 
present, and where frequent opportunity of passing through the invertebrate 
host— the tsetse fly — e-vists. It is absurd to expect to arrive at any 
•classification at all approaching a true one by the study of strains of trypano- 
somes kept for many years and undergoing many vicissitudes in our European 
laboratories. 


Table XIX. — The Average Duration of Life, in days, of Various Animals 

infected by T. peeorum. 



Donkey, j Cattle. 

<jk>at. 

Pig. 

Monkey. 

Dog. 

0uinea*pig. 

White rat. 

Average duration, 
in days 

87? 

■ 121? 

66 

! i 

: ! 

21 

129 

48 

i- 1 

41 

88 

Number of animals 
employed 

1 

i ^ 

; 69 I 

1 1 

1 

11 

i 

67 

6 

10 


Table XX. — The Percentages of Recoveries in Various Animals from 

2\ peeorum Infection. 



Donkey. 

Cattle. 

G^oat. 

Pig. 

Monkey. 

Dog. 

Guinea-pig. 

White rat. 

Peroentages 

80 

86 

12 

0 

0 

1 

1 

0 

0 

Number of animals 
employed 

! 

5 

j ! 

70 

1 

n 

08 

1 

6 

10 


Thb Carrike of T. peqokom, Ntasaland. 

In Kyasaland the oanier is G-. morsitam, of which 4*6 per 1000 were found 
infboted by this species. This is the minimum, but the real proportion of 
ihfeotod fliOs is probably three or four times as great. An account of the 
devofopmont of T. pemum in this teetse fly will be dealt with in a future 
papers XheW is also some evidence derived from the outbreak among the 
Hveni oattle that, given infected auimalsin a herd, it is possible th&tTabanidm, 
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Barnatvpota, or other biting flies maj act a» mcd»nioal oaniMs. Hie 
evMenoe that Siomoxya plays a similar is nnsatisfoctory. 

C0NCI.O8ION8. 

1. The Mvera Cattle strain, the WUd-game strain and the Wild 
O. morsitang strain belong to the same species of trypanosome, T. jpaeonm. 

2. T. pecomm, Nyaaaland, is identical with the species found and described 
in Uganda. 

3. It is an important disease of domestic animals in Nyasaland, b^g 
destructive to donkeys, oxen, goats, pigs, and dogs. 

4. Its carrier in this district is G-. morsUana, about 2 per cent, probably of 
the local wild flies being naturally infected with T. pecorwm, 

5. Its reservoir is the wild game inhabiting “ fly-country,” 14‘4 per cent of 
which were found to be infected with this trypanosome. It is hardly to he 
doubted that 100 per cent, are, or have been, infected. 

6. It is recommended that if infected animals are found in a herd they 
should be destroyed or segregated, as there is a danger of biting flies other 
than the tsetse spreading the disease in the herd by mechanical transmission. 


Morphology of Variom Strains of the Trypanosome causing 
Disease in Man in Nyasaland. — The Mziniba Strain. 

By Surgeon-General Sir David Bkuok, C.B,, F.RS., A.M.S , ; Majors David 
Harvey and A. E. Hamketon, D.S.O., R.A.M.C. ; and Lady Bbuck, 
R.R.C. 

(Scientific Commission of the Boyal Society, Nyasaland, 1918.) 

(Received May 6, — Read May 29, 1913.) 

[P 1 .ATB 8 1-3.] 

iNTRODDOnON. 

Up to the present time it has usually been considered that olmoat all the 
cases of Human trypanosome disease in man in Nyasaland have been 
confined to a small area^ This, the so-called Sleeping-Sickness Distriot^.haa 
been described in a former paper.* but it may be repeated here thiUi it is 
part of the " fly-oountry ” lying along the western ahoim cf Lake iNyasa, 

* *ltoy, Soe. Proo.,’ S, voL 66) p. S74. 
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between S. let. 13° 20' and 13° 50', and extending gome twenty miles mland. 
Through the centre of this area a road runs from Domira Bay on i^e Lailse 
into Korth-East Rhodesia. This road, until lately, was a principal Idghway 
between the coast and Central Africa. Br. Aylmer May, the Principal 
Medical Officer of North-East Bhodesia, who lately visited Kasu, infmuned 
the Commission that it was along this teade-route that all the North>t^ 
Rhodesian caees of Human trypanosome disease have occurred. It is said 
that some 25,000 native porters passed along this road every year, and as 
they entered a Glomna paipalis area at the Congo end of their journey, 
it seemed at first natural to suspect that the disease was true Sleeping 
Sickness, and had spread from west to east along this trade-route. This 
suspicion was shown to be groundless by the discovery that the parasite 
causing the disease in North-East Rhodesia and Nyasaland is not Tryjtano- 
mmm gamUmae, but a distinct and separate species giving rise to a totally 
different disease. The question then arose as to whether this was an 
imported or indigenous disease. It has, therefore, been one of the objects of 
this Commission to determine whether the trypanosome causing Human 
trypanosome disease in Nyasaland is restricted to the game and " fly " of the 
Proclaimed Area, or if it extends to the north and south along the “ fly-belt.” 
If it is found to extend over all the "fly-area” in Nyasaland, then the 
disease is probably native to the soil and notan importation from Tanganyika 
or the Congo. 

But it will be well at this point to lay down definitely the various opinions 
or theories at issue. These are three in number. 

First, that the Human trypanosome disease of North-East Rhodesia and 
Nyasaland is caused by a specific trypanosome, T. rhodesiense, that the 
wild game and “ fly ” are heavily infected with it, and that T. brucei, or 
Nagana, is absent altogether. This is the theory held by one school 

Second, that the wild game and " fly ” are heavily infected throughout 
these “ fly-areas ” by T. brueei, but that at certain places or foci another 
trypanosome, T. rhodemnae, occurs, which is pathogenic to man as well as 
the other animals. That these two species of trypanosomes are indis- 
tinguishable morphologically or by their action on animals, except that one 
is capable of infecting man and the other not. That the only way to 
separate them is by inoculating man : if the man reacts it is T, rhodwiense, 
if not, T. brucei. 

Third, that T. brueei-—^, common trypanosome of wild game, whose 
distribution extends from Zoluland to the Sudan— and T. rhodenenee are one 
and the same species of trypanosome, and that wherever wild game and 
G. nwrtitatu are found tlreve also wiU be found cases of trypanosome 
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disease in mau. That the cause of the sparsity of oases iu Boau in these 
areas is due to the fact that man is more or less lefraotory to the trypano- 
some, and that it is only rarely that the " fly " meets with a susceptible 
subject Tliat this is the reason why the oases of Human trypanosome 
disease in the Luang wa valley and in Hyasaland do not tend to increase in 
numbera The disease remains stationary, as it probably has done during the 
last thousand years. This is the working hypothesis held at present by this 
Commissiom 

These, then, are the points at issue, and it would appear at present that 
the only way of solving the problem will be by searching apd finding out 
whether cases of T, hmcei disease, or Nagana, in man occur wherever 
G\ mordtans and this parasite are found together, Already cases have btsen 
found on the Eovuma river on the borders of German and Portuguese East 
Africa, and in the Hartley district south of the Zambesi, in Europeans and 
natives, who certainly could only have contracted the disease in these 
widely separated districts. 

Thanks to Mr. GaixJen, the Government Veterinary Officer, the Commis- 
sion have had tlie opportunity of studying a trypanosome of the ifogana type 
found in the blood of a donkey at Mzimba (lat. 11® 55' S., long. 38® 36' E.), 
about 100 miles north of the northern border of the Proclaimed Area. 
It is proposed, then, in this paper to describe this trypanosome, in pursuance 
of the policy of describing in detail as many strains os possible of this type 
of trypanosome, if peradventure some method of separating T. tynmi from 
T, rhodesume may l>e discovered, or of proving them to be one and the same 
species. 

Morphology of the Mzimba Strain. 

A. Living^ Untstaimd, 

The movements of this trypanosome in the living condition are similar to 
T. hnmi and T. gamhien^ in being non-translatory. 

B, Fisoed and Stained, 

The blood films were fixed, stained and measured as previously described 
in the ** Proceedings.*’* 


♦ ‘ Eoy, Soc* Proc./ B, tqL 81, pp 16 and IL 
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Ta>ble L-^Measuremeats of the Length «f the Trypanosome of the Msdmha 

Strain. 


Date. 

No. 

of 

«pfc. 

Animal. 

i 

Method of 
fixing. 


In microns. 

Metnoa ox 
staining. 

Average 

length. 

Maximum 

length. 

length. 

1912. 








Mar. 28 

868 

Donkey 

Osmio acid 

O-iemsa { 

18 *3 

21 *0 

16 *0 

a 

884 

Gkkat 



19 *8 

26*0 

18 '0 

;; 27 

008 


>1 


20*1 

28*0 

17-0 

Apr. 22 

881 



” ) 

20*2 

25*0 , 

18 D 

„ 29 

884 



** 

„ 1 

22 *8 

82 *0 

18 *0 

", 20 

402 

Monkey 

” 

If ! 

21 *2 

80*0 

17*0 

May 6 

402 




21*6 

29-0 

18 *0 

Mar. 27 

866 

Dog 



22-7 

80*0 

19 *0 

„ 27 

867 




22 *2 

29*0 

10 *0 

;; 28 

806 




22 *0 

30-0 

19 0 

;; 28 

867 




21 *6 

80*0 

19 *0 

„ 29 

866 




22 *0 

82*0 

17-0 

" 29 

867 




20 •» 

84 -0 

19 *0 

;; 80 

866 



” 1 

22 *8 

29*0 

17 *0 

Apr. 1...... 

866 




20*2 

24*0 

17 *0 

4 

866 



II 

20-9 

26 *0 

16 *0 

'' 4 

866 



: 

21 *6 

26*0 

17-0 

„ B 

866 

*’ 

» 


21 *8 

81 -0 

19 *0 

*' a 

866 




20*3 

27-0 

17-0 

„ a 

867 




28 1 

20-0 

no 

" 8 

888 




19-6 

28 *0 

18 *0 

„ 11 

866 



ji 

22 *0 

81 *0 

18-0 

” u 

388 





19 '6 

21*0 

18 *0 

„ 16 

387 




22 '0 

80-0 

18*0 


886 


W 1 


20*6 

26 *0 

16*0 

Hiy 9 

612 

Bat 

♦» 

i 

28 *8 

31 *0 

19 *0 

9 

612 




24 '8 

29*0 

19 *0 

9 

618 

** 

” 

1 

„ j 

1 22*6 

28*0 

16*0 

„ 9 

618 

** 

’* 


21*8 

26*0 

16*0 

10 

612 

** 



21*2 

26*0 

19*0 


612 




21*1 

27*0 

18*0 

10 

618 

** 

** 


20*9 

26 0 

18 *0 

10 

618 



** 


20*3 

28*0 

17 *0 

>» *«••• ••• 
11 

612 

M • * * ’ 


! „ 

: 22 1 

28*0 

18*0 

„ u 

612 

> 4 • * t 4 • » r . . ^ 

tJ 

I) 

j fi 

! 21*0 

27 0 

18*0 

11 

618 



1 

1 20*2 

24*0 

17-0 

, 11 

618 

If 4 a »«•«..< t * « 

** 

i ,, 

22*2 

80*0 

IR *0 

.. 18 

612 

» • • » ^ 4 * • * - . * * 



20*4 

26*0 

18 *0 

„ 18 

612 

fl rt a « r t V t f 1 tr 


‘ jj 

20*2 

26*0 

18*0 

18 

518 




19 *4 

26*0 

17 0 

„ 18...... 

618 



If 

f) 

19 ^8 

28*0 

17 0 

' '.. ' It...... 

612 

tt 

»> 

If 

21*7 

28 *0 

17*0 

„ 14 

612 

, . . 

I) 

II 

21 *6 

28 *0 

17*0 

„ 14...... 

618 

tt > 

f> 

II 

21 *7 

28 *0 

19*0 

„ 14 

618 

* * * ‘ ■ 

fj 

II 

1 22*6 

20*0 

19*0 

„ 16 

612 




24*1 

80*0 

17*0 

„ 16 

618 

If < • ‘ • 

If 

i ** 

1 24*5 

82*0 

18*0 

„ 16 

618 



* 11 

21*2 

26-0 

19 *0 

„ 16 

618 

It 

ft 

1 ’* 

t « 

21*6 

28*0 

18*0 

16...... 

618 

If 

If 

; II 

21*2 

81 *0 

18*0 






21 *4 

82-0 

16*0 
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fhesTerage length of the trypanosome of the Mzimba etiatn, in differs 
epeoies of animals, taken from Table I, is as follows : — 


Table U. 


Species of animal. | 

i 

1 

I Nuniber of 
trypano^M>me• 

! measured, 

1 

i 

Xu mioroiM,. 

j I 

i Average . 

1 length. 

' 1 

Mastimum 

length. 

Minimum 

length. 

Donkey 

i 

i 20 

18*8 

21^ 

16-0 

0^1^^ t ---irr 

1 80 

20*7 

82*0 

17*0 

Monkey i 

i 40 

! 2i*4 

80*0 

17 K) 

Dog 1 

860 

' 81 '4 

82 '0 

16*0 

Hat 

1 600 

21 -6 

32 *0 

16-0 


Chart 1.— Curve representing the Distribution, by Percentages, in respect to Length, of 
1000 Individuals of the Trypanosome of the Mzimba Strain. 




This curve is made up of measurements from 20 specimens of trypanosomes 
taken from the original donkey, 80 from the goat, 40 from the monkey, S60 
from the dog, and 600 from the rat. 
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The similaritj in the curve of the Mzimba strain and the curve of the 
Wild'game strain* is remarkable, and there can be little doubt that the same 
trypanosome is being dealt with. This is what might be expected, seeing 
there is probably only one animal between the wild G. morsUana and the 
experimental animal in both coses. 


Table IV. — Measurements giving the Average Distance from the Posterior 
Extremity to Mioronucleus, Micronncleus to .Nucleus, etc., of 1000 Indi- 
viduals of the Trypanosome of the Mzimba Strain. 


r ■ 

PoiterioT extremity 
to mioroKiacIeaB. 

MioronucleuB to 
nucleus, 

Diameter of 
nuoleue.t 

Nucleus to anterior 
extremity. 

! 

Flagellum. 

Short and Stumpy (16-21 microna), 608 Individuals. 


1 1 ‘2 

( 

4-i 

2*9 

106 

0-4 

Intermediate (22-24 microns), 247 Individuals. 


1-6 

6-8 1 

8 -0 

10*4 

1 »« 

Long and Slender (26-32 microns), 145 Individuals. 


1^8 

6*8 


10*9 

1 B'B 

Average 1 *6 

6*2 

8 0 

lO-S 

2*8 


t fhMe uMMuremeoti m msd* along the long asit of th« tiTpaaotome, and thmlna it m 
oral nuelav* U lying tmnironely, meacuHsimt giron will not laptMont ilw gnalMt loBgttk 
of tilt nuoloui. 

* ‘ Boy. Soe. Proo.,’ B, vel, 80, p. S94. 
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Tabl^ IV agree® very closely with the same table given in the paper on 
the ** Morphology of the Trypanosome causing Disease in Man in Nyasaland/’* 
It is doubtful if this detailed method of measurement assists in putting 
trypanosomes in their proper places, but it may be that when more work has 
been done, something may emerge. There can be little doubt that 
morphology, in future, will play an important part-— perhaps the most 
important part — in the classification of trypanosomes. 

Breadth . — The average breadth is 3*45 microns (maximum 6*75, minimum 
1*6). The short and stumpy average 3*7 (maximum 6*76, minimum 2), the 
intermediate 3*16 (maximum 5, minimum 1*5), and the long and slender 2*84 
(maximum 4*25, minimum 1*75). The breadth of the widest part of the body 
of the 1000 trypanosomes is measured, including the undulating membrane. 

Shape . — This trypanosome closely resembles in general appearance the 
various strains which have already been described from man, wild game and 
wild G. mormtam. Three black-and-white plates are given (Plates 1-3), which 
will give a bettor idea of the appearance of this strain than a written 
description. 


Table V. — Percentage of Posterior-Nuclear Porms found among the Short and 
Stumpy Varieties of the Trypanosome of the Misimba Strain. 


D»t«. 

Exporiment 

No. 

Animal. 

Percentage among short 
and stumpy forma. 

Proportion to all forms 
per 1000. 

1913. 





Hur. 

27 ... 

367 

Bor 

0 

0 


28 ... 

867 


10 

60 


2S ... 

866 

ft 

3 

18 

If 

29 ... 

867 


8 

48 

ft 

29 ... 

866 


18 

78 

ft 

SO ... 

866 

H 

12 

72 

Apr. 

X ... 

866 

Jt 

7 

42 

jf 

26 ... 

887 

ff 

16 

90 


29... 

887 


26 

160 

Mfty 

3 ... 

387 

ft 

87 

222 

ft 

10... 

618 

Rat 

11 

66 


10 ... 

612 

ft 

22 

132 

ft 

11 ... 

618 ! 

>i 

10 

114 

»f 

11 ... 

1 612 1 

\ ff 

12 

72 

ff 

13 ... 

613 

f| 

7 

42 

iX 

13 ... 

612 

ff 

6 

80 

ft 

14... 

6X8 1 

>f 

10 

60 

fj 

16 ... 

618 j 

ff 

28 

168 

9» 

le 

613 1 

f« 

88 

108 

''ii 

13..* 

612 1 

! 

ft 

8 

18 

AY«r»a«- 

U'7 

88 


* * Boy. Boc. Proc,,* I&IS, voL 86, p 488. 
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M«r(mt«<!/etw.-^ituated, oa an average, 1*8 mioronB from the pcwtonot 
extremity in the long and slender, 1*5 in the intermediate, and 1*2 in the 
short and stumpy. 

Undulating Membrane , — ^Well developed. 

Flagellum . — The flagellum in the short and stumpy avenges 0*4 miorab 
(maximum 4, minimum 0*2), in the intermediate 2*6 (maximum 6, minimum 1) 
and in the long and slender 5*5 (maximum 10, minimum 2). Total average 
2*8 (maximum 10, minimum 1). 


Table VI. — Number of Flagellated and Non-flagellated Forms found among 
1000 Tryi>anosomeB of the Mzimba Strain. 


Short and stumpy. 


Intermediata. 

Long and slender. 

4,1 

P 

^1 

& 

I 

J 

if 

} 

P 

.1 

1 

1. 

i- 

10 

8 

0 , ^ 

22 

84 

76 

25 

0 

86 

17 

27 

0 

28 1 

12 

00 

26 

0 

82 

18 

78 

6 

24 

5 

61 

27 

0 

24 

19 

104 

21 




28 

0 

22 

20 

150 

27 


i i 


29 

0 

16 

sx 

04 

45 


, 1 


80 

0 

7 





i 


81 

0 

4 





1 

i 


82 

0 

4 

Total* 

509 j 

99 

1 

196 


0 

146 


If the trypanosomes are divided into non-flagellar and flagellar, ther« are 
56 per cent, of the former and 44 per cent, of the latter. 

If we divide the 1000 Mzimba trypanosomes by length into short and 
stumpy (16 to 21 luiorons), intermediate (22 to 24 miorons), and long and 
slender (25 to 32 microns), the percentages are 80*8, •'24*7, and 14*4 
respectively. 

Conclusions. 

1. The trypanosome of the Mzimba strain is the same species as ^t 
occurring in the wild game inhabiting the Proclaimed Area, Nyasaland. 

2. It has already been concluded that this species is T. brueei vsl 
rhodesieem. 

S. Hence it would appear that wild G, morsUans occurring uta distriot 
100 miles north of the Proolaimed Area are infected with the trypanoedme 
which causes the Human trypanosome disease of Nyasaland. 
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DESCEIFTION OF PLATES. 

« 

Flatm 1 . 

T, brueei vel rkodmeim. Short and stumpy forms, 16-"1 microns in length. Stained 
OianuHi. x SOOO. 


P1.A.TS 2. 

f. brueei rel rhod«»ient«. Intermediate forms, 22-24 miorons in length. 
Oiemsa. x 2000. 


Plat* A 

T. brueei vel rhodeeienee. Long and slender forms, 25-32 microns in length. 
Oiemsa. x 2000. 


Stained 

Stained 


The Trypanosome causing Disease in Man in Nyasaland . — 
Suscf^tihility of Animals to the Human Strain. 

By Surgeon-General Sir David Bruce, C.B., F.R.S., A.M.S.; Majors David 
Harvey and A. E. Hamehton, D.S.O., RA.M.O. ; and Lady Bruce, 
E.R.O. 

(Scientific Commission of the Boyal Society, Nyasaland, 1913.) 

(Received May 26, — Read June 12, 1913.) 

INTRODUCTION. 

In previous papers the morphology of vaiious strains of this trypanosome 
—from man, wild game and wild Ghmna moraUans — was described, and the 
difflisreat strains compared. 

^ Thi» paper describes the action on animals of the five strains derived 

disease in man in Nyasaland, and compares 
thepr viruleBee. ' In a future paper it is proposed to describe in the same way 
Botibn on animals of the Wild-game and Wild G. mortniana strains, but up 
to the present this has been impossible on account of the scarcity of 
ei^rimental animals. 
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Animals Susceptible to the Teypanobomk causing Disease in Man in 
Nyasaland. I. — The Human Strain. 

I. Strain I, Mkanyanga. 

Table I. 


Date. 

No. of 
expt. 

Source of virus. 

! Period of 

I incubation^ 

1 in days. 

Duration 
of disease, 
in day*.* 

Bemai^*. 

. 




Cattle. 



1912. 



1 


i 

Feb. 7... 

167 

From Rat 86 

1 

— 

Never showed trypanosome*. 

7... 

168 

n 86 

! 18 

184 

Died of Strain 1. 

April 23... 

473 

From Cluinea-pig 878... 

— 

— 

Never showed trypanosome*. 

„ 23... 

474 

„ 878... 

1 9 

— 

Still alive after 825 days. 




Goats. 



Feb. 7... 

142 

From Rat 86 

8 

83 

Died of Strain I. 

„ 7... 

144 

„ 36 

8 

19 


7... 

146 

86 


— 

Never showed trypanosomes. 

„ 7,.. 

149 

„ 86 

22 

27 

Died of Strain 1. 

April 28... 

411 

From Q-uinea-pig 378... 

9 

65 

it ft 


417 

878„, 

6 

25 

»» tt 

„ 28... 

418 

878... 

44 

45 



» n 



Average 

16 -2 

84-0 

' 




Sheep. 



Feb. 7... 

162 

From Rat 86 

2 

19 

Died of Strain I. 

» 7... 

163 

36 

2 

28 

jj »» 

» 7.., 

164 

,, 88 

2 

38 

>t >1 

April 28... 

476 

From Guinea-pig 878...] 

9 

16 

it t * 

„ 23... 

476 

„ 873... 1 

9 

58 1 

H »l 

» 28... 

477 

„ 378... 

13 

57 i 

tt it 



Average 

6 ’2 

88 *6 i 





Baboon. 



ion. i 






Deo. 21...I 

12 i 

From Monkey 8 j 


' — ‘ 1 

Never showed trypanosomes. 




Monkeys. 



Nor. 16 .. 

8 

I Mkanyanga 

14? 

86 

Died of Strain I. 

1912. 





■ 

d'an. 19... 

24 

From Guinea' pig IS ... 

11? 

28 

t > 

Feb. 16... 

233 

From Monkey 24 

3 

26 

» tt 

» 16..* 

284 

„ 24 

8 

1 16 

\ *f it 

April 28... 

460 

From Guinea-pig 878. . . 

18 

81 

ft ff 

» 28... 

470 

» 878... 

6 

42 

it it 



Average 

6«2 

80-0 



* Duration inoludoe the days of iucuHtion | it date* from day of infection. 
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Table I — continued. 


Pate. 

No. of 
expt. 

Source of virus. 

Period of 
incubation, 
in days. 

Duration 
of disease, 
m days.* 

Remat'ks. 




Dogs. 



1911. 






Oct. 16... 

1 

MUatiyauga 

11? 

46 

Pied of Strain I. 

Nor. 16... 

2 

From Pog 1... 

14? 

21 


Poo. 7... 

7 

II 2 

8 

20 


,1 20... 

11 

.. 7 

9 

80 

II H 

1912. 






Oan. 16, 

14 

I, 11 

8 

14 


„ 81... 

111 

„ 14 

6 

1 

14 

II »> 



Average 

ft - 

7 *7 

24 *2 





Rabbit. 



iTuno 14... 

071 

From Sheep 476 

12 

42 

Pied of Strain I. 



Guinea-pigs. 



1911. 






Peo. 16... 

6 

From Bat 4 

18? 

13 

Pied of Strain I. 

» 21... 

18 

From Monkey 3 

11 

100 

II »j 

1912. 






Feb. 7... 

166 

From Bat 86 

12 

42 

It »> 

» 7... 

166 

u 86 

16 

86 

n 

Mar. 27,, . 

872 

From Q-uinea.pig 13 ... 

19 

72 

)i II 

„ 27... 

878 

I, 18 ... 

16 

— 

Killed April 23. 



Average 

16 *2 

62*6 





Eats. 



1911. 






Not. 28... 

4 

From Pog 1 

8 

! 19 

Pied of Strain I. 

Peo. 16... 

8 

From Bat 4 

— 

i 

Never slmwed trypanosomas. 

II 16... 

9 

„ 4 

P 

! 

Died of Strain I. 

» 29... 

86 

M 9 

26? 


Killed. 

„ 29.,. 

87 

„ 9 

24? 

26 

Pied of Strain I. 

„ 29... 

88 

From Monkey 8... 

26? 

38 

>1 >1 

1912. 






Feb. 10... 

286 

„ 24 

4 

26 

II II 

„ 10... 

286 

II 24 

4 

14 { 

II II 

Apra28... 

471 

From Guinea-pig 878 . 

7 

16 

>1 . II 

,* 28... 

472 

„ 878... 

6 

22 

II II 

Not. 8... 

1676 

From Ox 474 

— 

— 

Never showed trypanosomes. 



Arerage 

6-0 

20 ‘9 



^ DttrftUon ikioludds thi day# of ixioubatioa j it date* from day of infeotiou. 




S8 


Sir D. Bruce and others. Trypano$<me 


II. Strain II, E . 

Table II. 


Date. 

Ko. of 
expt. 

Source of Tirua. 

Period of 
incubatioU) 
in day*. 

Duration 
of disease, 
in days.* 

fiemarks. 




Cattle. 



1912. 






June 28... 

764 

From Dog 633 

— 

— 

Never showed tiypanosomeB. 

„ 28... 

766 


. 



,» 28... 

766 


27? 


Shot November 20 f broke leg. 




Goats. 



June 19... 

648 

From Dog 638 

12 

52 

Died of Strain 11. 

„ le... 

650 

,, 688 

12 

49 

7) 1) 

„ 10... 

651 

H 688 

6 

62 

JJ *7 

„ 19... 

662 

„ 688 

13 1 

48 

, 

7, 7* 



Aterage 

10 a 

61 '5 





Sheep. 



June 28... 

761 

From Dog 688 

10 

87 

Died of Strain II. 




Monkeys. 



June 28... 

760 

From Dog 638 

6 

17 

Died of Strain II. 

„ 36..J 

761 

„ 683 

5 

27 

77 77 

„ 26... 

762 

„ 688 

5 

11 

77 77 

„ 26... 

768 

» 683 

8 

10 

77 77 



Average 

5-7 

16 -2 





Dogs. 



May 20... 

632 

From E 

12? 

30 

Died of Strain II. 

„ 29... 

688 

''From £ | 

12? 

83 

71 77 

June 18... 

708 

From Dog 688 1 

6 

24 

77 77 

„ 18... 

704 

I 

688 j 

6 

40 

77 17 



1 Average ‘ 

6*0 

81*8 





Rabbits. 



June 28... 

762 

From Dog 633 

13 

38 

Died of Strain 11. 

28... 

768 

„ 083 

17 

88 

77 *f 



Average 

16*0 

83 -0 




( 

Juinea-pigs, 



June 19..i 

728 

From Dog 688 

— 

— 

Never showed trypanosomes. 

10... 

724 

.. 688 

— 

— 

77 77 

» 19... 

726 

« 688 

— 

— 

_ , 77 71 

Sept. 7... 

728 

From Sheep 761 

12 

114 

Died of Strain 11. 

,> 7... 

724 

„ 761 

19 

86 

>7 77 

» 7... 

725 

761 

19 

84 

1 17 17 .1 



1 

Average .] 

17 0 

94 *7 

1 




Rats. 



June 19... 

726 

From Dog 683 

1 6 1 

48 

Died of Strain H. 

» 10... 

727 

„ 688 1 

! 8 1 

86 

>7 >7 

„ 10... 

728 

« 688 

1 6 ! 

62 

77 II 



Average 

I 6*0 

i I 

i 48.7 1 

1 


• Duration ineludeR the day# of incubation | it dates from day of infeetion. 
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cau$ing Disease in Man in Nyasaia/nd, 


III. Strain HI, ChitulvJca, 
Table III. 





Period of 

Duration 


Date, 

no, 01 

Source of Tirus. 

incubation, 

of disease, 

Bemarks. 


expt. 


in days. 

in days.* 





Cattle. 



1912. 






July 28... 

967 

From Dog 577 

20 


Still alive after 284 days. 

„ 28... 

968 

.. 677 

88 


)> j> 




Goats. 



July 28... 

987 

From Dog 677 

18 

86 

Died of Strain ITT. 

28... 

988 

„ 577 

9 

19 

1* >) 

„ 28... 

989 

» 677 

9 

41 


„ 28... 

940 

„ 577 

6 

29 

>7 t) 



Average 

9*2 

31*2 


ir 



Monkeys. 



July 23... 

941 

From Dog 677 

6 

29 

Died of Strain III, 

„ 28... 

942 

„ 577 

6 

14 

>j »» 

„ 28... 

048 

„ 677 

6 

20 

>) 

„ 28... 

944 

577 

6 

11 

») » 



Average i 

8-0 

18 *5 





Dogs. 



June 27... 

677 1 

Cbituluka 

7 

78 

Died of Strain TIT. 

July 28... 

946 ! 

From Dog 577 

9 

81 

)t » 

„ 28 ... 

946 

677 i 

6 

86 

a M 

„ 88... 

947 

„ 677 : 

9 

88 


„ 28... 

1 

948 

„ 677 1 

9 

88 

y it 


i 

Average | 

8*0 

42*2 




Guinea-pigs, 



July 28 . .. 

940 

From Dog 677 

20 

62 

Died of Strain ITT, 

M 38... 

960 

.. 677 

20 

51 

it i$ 

„ 88... 

951 

677 

9 

78 




Average 

16 -8 

02 





Bats. 



July 28... 

952 

From Dog 577 

6 

24 

Died of Strain HI. 

» 28... 

958 

„ 677 

9 

20 

M *) 

„ 28... 

954 

677 

6 

21 

»l It 


1 

Average 

7*0 

81-7 



* Duration includw the days of incubation; it date* from day of infection. 
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IV. Strain IV, Chipoehola. 
Table I V. 


Date. 

No. of 
expt. 

Soiiroe of virus . 

Period of 
incubation, 
in day#. 

Iltiratioii 
of disease, 
in days.* 

RemarV#. 




Cattle. 



1912. 






Sept. 18... 

1311) 

From Dog 1260 

— 

— 

Never showed trypanosomes. 

» 18.. 

1820 

„ 1260 

— 

. — 

>> tt 

Nov. 8... 

1319 

From Rat 1838 

20 

— 

Still uUve after 126 day#. 

„ 8... 

1320 

„ 1838 

— 

— 

Never showed tryi>ano«ome». 




Goats. 



Sept. 13... 

1821 

From Dog 1260 

10 

35 

Died of Strait) IV. 

„ 13... 

i822 

*260 

13 

51) 

n »> 

„ 18.. 

1328 

» 1260 

6 

22 

>r » 

„ 18... 

1324 

„ 1260 

24 

83 




Average 

18 *2 

87 *2 





Monkeys. 



Sept. 13... 

1326 

From Dog 1260 

10 

16 

Died of Strain IV. 

„ 18.. 

1826 

„ 1260 

10 

60 

») »» . 

n 18... 

1327 

„ 1260 

6 

61 

.> 

Never showed trypanosomes, j 

18... 

1326 

„ 1260 

— 

— 



Average 

8*7 

39 *0 

1 




Dogs. 



Sept. 4... 

1260 

Chipoehola 

8 

32 

Died of Strain IV. 

18... 

1329 

From Dog 1260 

6 

27 

»j If 

18... 

1830 

1260 

6 

27 

»» j) 

„ 13... 

1 1881 

„ 1260 

6 

88 

)> 

» 18... 

1882 

' „ 1260 

6 

40 

>» M 



Average 

6*4 

82 *8 





Babbits. 



Not. 6... 

1666 

From Rat 1838 

1 5 

16 

Died of Strain IV. 

» 0... 

1667 

„ 1888 

5 

16 

r/ 



Average 

6 

16*6 




Guinea-pigs. 



Sopt. 18... 

1383 

From Dog 1200 

— 


Never showed try[)ano#ome8. 

18... 

1334 

„ laeo 


— 

it it 

„ 18... 

1385 

„ 1260 


— 

it t> 

Oot.. 17... 

1333 

„ 1881 

11 

43 

Died of Strain IV. 

17... 

1884 

„ 1881 

11 

70 

>) it 

» 17, „ 

1385 

„ 1881 


1 69 

1 . 

If If 



Average 

U-0 

67*8 





Bats. 



Sept. 18... 

1836 

From Dog 1260 

6 

26 

Died of Strain IV. 

„ 18... 

1337 

„ 1260 

6 

28 

ft ft 

18... 

1838 

1260 

6 

93 

1 

if it 

1 


Average 

fl-O 

49*0 



* Duntiioa inoludei the dsya of inonbation ; it datei from day of infeotion. 
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V. Strain V, ChiMbi. 
Table V. 


Date. 

No* of 
expt. 

Source of virus. 

Period of 
incubation, 
in dajs. 

Duration 
of disease, 
in days.* 

Remarks. 




Goats, 



1912. 






Not. 27... 

1643 

From Dog 1699 

8 

04 

Died of Strain V. 

„ 27... 

1644 

„ 1.599 

8 

72 i 


M 27... 

164& 

„ 1699 

5 

41 1 

>> >> 

„ 27... 

1646 

„ 1699 

5 

64 ! 

» >t 



Average 

0-6 

60-2 





Monkeys, 



Nov. 27... 

1647 

From i)og 1690 

8 

11 \ Died of Strain V. 

27... 
„ 27... 

1648 

1649 

„ 1699 

„ 1599 

5 

21 

Never sliowed trypanosomes. 
Died of Strain v. 

;; 27... 

1060 

1309 

6 

44 

M 



Average 

6 0 

25 ‘O 





Dogs. 



Not. 14... 

1699 

Cliibibi 

11 

44 

Diotl of Strain Y. 

,, 27... 

1661 

From Dog 1599 

8 

46 

»> >♦ 

i» 27... 

1662 

1S99 

6 

34 


» 27... 

1668 

1599 

8 

45 


„ 27... 

1654 

„ 1699 

6 

41 

»» »» 

1918. 






Jan. 16... 

1768 

From Rat 1744 

12 


Killed January 81. 



Average 

8 *2 

42 -0 





Rabbits. 



1912. 

1 





Nov. 27... 

! 1655 

From Dog 1599 

1 8 

38 

Died of Strain V. 

„ 27... 

j 1660 

1699 

1 

8 

23 

„ 


1 

1 Average 

i s-o 

28 ‘0 




Guinea-pigs. 



Nov. 27... 

1657 

F«5ni Dog 1699 



— 

Never ahowed trypanosomes. 

„ 27... 

1668 

M “ 1699 

36 

102 

Died of Strain V* 

» 27... 

1669 

„ 1599 

— 

— 

Never showed ttypanosomes. 

1918, 






Jam 81... 

1667 

M 1768 


— 

it »j 

Feb. 10..: 

1667 

. From Guinea-pig 1668 

10 

— 

Still alive after 43 days. 

« 10... 

1669 

„ 1668 

24 


n >1 



Average 

28*8 

— 



* Duration iuoludoft the da^a of inoubation ; it dates from day of infection. 
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Table V — continued. 


Bate. 

No. of 
expt. 

Source of rirus. 

Period of 
inoubation, 
in days. 

Buration 
of disease, 
in days.* 

Kemarke. 

1912. 
Not. 27... 

1060 

From Bog 1699 

Hats. 

5 

38 

Died of Strain V, 

„ 27.., 

1661 

„ 1699 

6 

80 1 

f} ft 

„ 27... 

1662 

„ 1899 

8 

39 1 

ti II 

1913. 

. Jau, 8 . .. 

1744 

From Ouinea-pig 1658 
From Monkey 1788 ... 

6 


Killed January 22. 

„ 28... 

1817 

2 

20 1 

From Transimssion Experi- 



Areraige 

5*2 

31-8 j 

ment 1728. Bled of Strain y. 


* Duration includes the days of incubation ; it dates from day of infection. 


Disease set up in Various Animals by the, Trypa^iosome caus'ing Disease in 
Man in Nyasaland, — I. The Htiman Strain. 

Ox: — Tliis trypanoBome is not as deadly to oxen as Ti^panosoma pecorum ; 
13 experiments in all were made on cattle with the Human strain. Only one 
of these died, after an illness lasting 134 days. Four took the disease and 
recovered, while the remaining eight showed themselves refractory to the 
injection of blood containing the parasites. One of the recovered animals has 
been kept under observation for 325 days, and its blood was inoculated into 
a rat without result. At the present time these so-called recovered animals 
appear sleek and fat and look healthy, presenting a contrast to the chronic 
T. pecoruin infected cattle, which still remain in poor condition. The animal 
which died was much emaciated, anaemic, and had marked gelatinous infiltra- 
tion of the connective tissue at the base of the heart and large vessels. The 
trypanosomes were never numerous in its blood, and in fact only showed six 
times in the four and a-half months of its illness at the bi-weekly blood 
examination. 

Ooat. — This is a fatal disease in goats; 22 were used for experimental 
purposes, and not one of them recovered. The duration of the disease, on an 
average, was 41’8 days (19 to 72). One of these animals showed swelling of 
the face, but none developed opacity of the cornea. 

Sheep, — This trypanosome seems as fatal to sheep as goats, killing seven, on 
an average, in 41‘1 days (16 to 87). Among these seven, cedema of the face 
was noted as a prominent symptom in three. No opacity of cornea developed 
in any of them. 
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Bahoon . — ^Only one was inoculated and it proved resistant, 

Umkey . — Twenty monkeys died, on an average, in 25‘8 days (10 to 61). 
The trypanosomes were always present in the blood and were often numerous 
or very numerous. In none of the monkeys wasfBdema of the face or comeal 
opacity noted. 

Dog. — Twenty-five dogs were inoculated. All died, on an average, in 
34'3 days (14 to 78). The parasites were always present on microscopical 
examination of the blood, and were often numerous and very numerous. 
In eight of the 25 dogs, opacity of the cornea and swelling of the face were 
present. 

Rahhit . — Seven rabbits died, on an average, in 27*9 days (15 to 42). A 
rabbit suffering from this disease presents exactly the same clinical picture as 
that seen in rabbits suffering from Nagana. There is first swelling round the 
eyes ; then the face puffs up, and sores break out round the nose and the eyes. 
Next there is thickening of the ears, which eventually also become covered 
with sores exuding a serous fluid. Towards the end the eyes are completely 
closed up, the nose much swollen, and both eyes and nose discharge a 
purulent fluid. 

Guinea-pig . — These animals are more refractory than rabbits, and often 
require to be re-inoculated before they take the disease ; 15 were used. They 
died, on an average, in 66*6 days (13 to 114). No prominent symptom, such 
os oedema or comeal opacity, was seen. 

Mat. — Twenty-one were inoculated and died, on an average, in 30’3 days 
(13 to 93), with their blood swarming with trypanosomes and their spleens 
enormously enlarged. 

COMFAUISON OF THE FiVK HUMAN STRAINS OF THE TrYPANOSOMK CAUSING 

Diskasb m Man in Nyasaland, in regard to their Virulence 
TOWARDS Various Animals. 


Table VI. — The Average Duration, in Days, of the Disease in Various 
Animals. The letter E means that the animal is refractory, that is, 
not susceptible to the disease. 


Stintin. 

Ox. 

Gto»t and 
»he«p. 

Baboon. 

Monkey. 

Dog. 

Babbit. 

GKdnea*pig. 

White ret. 

1 

184 

84 

B 

80 

24 

42 

52 

21 

n 

1 

6& 

1 

1 

16 

82 

88 

95 

44 

m 


81 


la 

42 


62 

22 

IV 


87 


89 

83 

15 

57 

49 

V 


00 


25 

42 

28 

102 

82 
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There would appear to he little difference in the virulence of the five 
Human strains. If any distinction be made, it might be said that probably 
Strain I is the most and Strain V the least virulent. 


Table VIL — The Percentages of Eecoveries in Various Animals from the 
Five Human Strains. The letter H stands for refractory. 


strain. 

Man. ' 

t 

Or. 

G-oat and 
slieep. 

Baboon. 

Monkojr. 

Dog. 

Babbit. 

1 

1 

White 

rat. 

I 

0 1 

60 

0 

R 

0 

0 

0 

0 

1 

0 ! 

n 

0 ! 

P ’ 

0 

1 

0 

0 

0 

0 

0 

in ! 

0 ' 

100 

0 


0 

0 


0 

0 

rv ' 

0 ! 

100 

0 i 


i ^ 

0 

0 

0 

0 . 

V 

0 

i 

0 1 


! " 

0 

0 

0 

i 


It would appear to be equally impossible to separate the Human strains by 
the percentages of recoveries. All the experimental animals, except the ox, 
succumb to the disease if once the parasite has obtained a footing. , 


Table VIII. — The Average Puratiou of Life, in Days, of Various Animals 
infected with the Human Strain, The letter R stands for refractory. 


1 

“£,7* i 

' 

Monkey. Bog. 

Babbit. 

Guinea- 

pig. 

White 

rat. 

Average dura- , 184 
tion, in dsvfl , 

* * 

42 

B 

1 

26 

a* 

2S 

67 

80 

Ko. of animals j 1 
emplojed | 

29 

X 

20 

1 25 

1 

7 

i ,i 

16 1 

1 

21 ' 

j 


This table shows the extreme virulence of this trypanosome for most 
animals except the ox. The guinea-pig is somewhat refractory, and often 
resists the first injection of infected blood, but not the second. 


Table IX.— The Pei-oeutages of Recoveries in Various Airimals infected with 
the Five Human Strains. The letter B stands for refractory. 



Man. 

Oi, 

Goat and 
sheep. 

Baboon. 

Monkey. 

Dog. 

■ 

Babbit. 

Guinea- 

White 

rat. 

Beroentagei ...| 

0 

: 80 

J 

0 

B 

’ 

0 

0 i 

0 

^ ■ 

■, ^ ■ 'i 

Xo. of animal* | 
employed 1 

6 

1 



f 

' 8 

29 

1 

1 20 

36 1 

j 

7 

! 16 . : 
' . 

n - 
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CONCtUSIONS, 

1. The trypanosome causing disease in man in Nyasaland is fatal to goats, 
sheep, dogs, and the smaller laboratory animals, killing them, withoiit 
exception, in a few weeks. It is less vinilent to cattle, many of which 
evidently escape. 

2. No difference in virulence can be made out in these five Human strains. 
iJ. It is not satisfactorily proved yet to what species this trypanosome 

belongs, but the Commission at present leans to tlie opinion that it is 
T, brucei (Plimmer and Bradford). 


Plasmodium cephalophi, sp. 

By Sui'geon-General Sir David Bruce, C.B., FJiS., A.M.S. ; Majors David 

Harvey and A. E. Hamerton, D.S.O., R.A.M.O. ; and Lady Bruce, K.E.C. 

(Scientific CommiBsion of the Royal Society, Nyasaland, 1913.) 

(Received May 26, — Read June 12, 1913.) 

[PlaTKS 4 AND 6.] 

It would appear from a j>erusal of the available literature that malaria of 
antelopes has not hitherto been described ; it is therefore proposed to place 
on record the discovery of a plasmodium found in the blood of two of these 
animals in Nyosaland. 

This parasite was first seen in the blood of a young dmkev (Cephalophm 
grimmi), and was subsequently discovered in another young animal of the 
same species. Both these small antelope were at the time in captivity, and 
it was therefore possible to examine slides from day to day, and by this 
means a large number of parasites at various stages of development were 
observed, and some of these are figured in Plates 4 and 6. 

The acute attack in one anteIoj)e, however, only lasted four days, and the 
parasites soon disappeared entirely from the j>eripheral blood, whereas in the 
other only a few pamsites were seen, and these have persisted in the blood 
for some months. 

Tlie parafidtes resemble somewhat Plasnudium nudarioe of man, in that the 
gametooytes are circular and the schizonts have from eight to twelve 
merozoites ; also amoeboid movement is sluggish. They differ, however, in 
the Btatked enlargement and paleness of tlie red cell and in the arzBugement 
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and appearance of the pigment, which is not scattered thron^ho^ iShA 
parasite, but is collected in a single ruasB, and is pate yellow in ooli|»tt 
(Plate 6). Schaffner’s dots have never been seen, but in some instanoes 
(Plate 4, figs. 5, 6, and 7) pseudopodia were seen with a soar in the red cell 
recalling the formation of Maurer’s dots in Lawrania malaria of man. The 
forms of trophozoite shown in Plate 4, figs. 6 to 12, are, so far as our 
experience goes, unique, first in the dense blne>stai|iing (Gienua) of the 
protoplasm, and, secondly, the great enlargement and marked paleness of 
the red cell with absence of Schtlffher’s dots, and the intense concentration 
of the portion of red cell in the food vacuole. This concentration, as will be 
seen in the figures, proceeds until nothing is left but a block of gamboge- 
yellow pigment (Plate 4, figs. 14 to 16). The distended red cells are, so 
delicate that they are frequently ruptured in making the film, as is rfiown 
in Plate 6, figs. 7 and 8. The great size of the parasite is also remarkable, 
some of the free merozoites measuring 4 uuorons by 3‘o microns, the exact 
size of a normal red cell of the antelope. A full grown sohizont, before 
cleavage of the protoplasm, measures 10 microns by 10 microns (Plate 4, 
fig. 19). 

The presence in the gametooytes of numerous deeply staining chromatin 
granules, in addition to the faintly stained nucleus, is also remarkable. Tlie 
arrangement of these granules in some of the merozoites suggests a relation- 
sliip with the Hceimflagellata (Plate 4, figs. 3 and 23) ; and in tliis connec- 
tion it may be mentioned tliat one duiker was also naturally infected with 
a trypanosome of non-i)athogenic type, which it is proposed to describe in a 
future paper. 

In films taken some days and even months after the acute attack, the 
forms shown in Plate 6, figs. 12 to 16, are common, and but for the presence 
of pigment might be mistaken for faintly stained leucocytea As these are 
the most persistent forms (maorogametocytes), attention is directed to them, 
as they are the forms likely to be met with in examination of blood films of 
antelope taken in the field. 

One of the small duikers appeared out of condition for a few days, while 
the parasites were numerous in the blood : coat staring, nose hot and dry ; 
but it soon regained its health, and has remained healthy sinoe. The other 
duiker was apparently not at all affected, although a few paradtes could be 
found in its blood for some six months. 

The duiker which was chronically infected vras captured in the low 
country near the Lake shore, and was about three months old when Immi^t 
to Kasu Hill, where a few weeks later a lew parasites were fomid hi its 
blood. It is therefore probable that it was infected before oaptnie. WbeteM 
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the plAteau and had been in captivity and 
hot in the vicinity of other wild game for at least six monthe before it was 
brought to Kasu. As it developed an acute attack a few weeks after it had 
been placed in the same enclosui'e with the infected duiker, it would app^r 
that in its case the infection was contracted locally. 

The two antelope were first found to he infected in the height of the dry 
season (October), and although a systematic search was made for adult or 
larval mosquitoes, none could be trapped or found in or near the enclosure, 

In the same compound there were also another young duiker, a young 
reedbuck, and a young hartebeeste, and although the blood of these animals 
was examined frequently, no malarial parasites could be found. 

If this parasite should prove to be a new one, the name of Plas^nodimn 
cepkalophi is proposed for it. 


DESCRIPTION OP PLATES. 

PtATB 4. 

Fig. 1, — Schizont, ruptured in making the film. The merozoitet$ are drawn along in the 
direction of the spieading of the blood. The roeidual mass and free pigment 
are also shown. 

Figs. 2 and 3* — Merowites entering red cell. Note the granules in fig. 2 scattered 

^ throughout the protoplasm ; in fig. 3 there are two granules, one large and 

one small. 

Figs, 4-16. — Trophozoites, showing marked enlargement and paleness of red cells and 
concentiation of portion of red cell in vacuole, 

Figs, 16-ld,— Young forms of rosette ** formation. 

Fig. 19.— Fully developed schizont*before cleavage of protoplasm. 

Figs. SO-23.--^Bchizonts which show commencing cleavage of protoplasm, with a single 
mass of gamboge-coloured pigment. 

Fig. S3. — Schizont in which the merozoitea are completely separated. Some are oval and 
some circular in shape. All show a V-shaped group of granules at the opposite 
pole from the nucleus. 

Stained Giemsa, x 2000. 

Plats 6. 

Figs. 1 -A— ^Young . parasites, with faintly staining protoplasm and without vacuole. 

These were found in the same films as the forms shown in Plate 1, figs. 6-14. 

Figs^^ll,.--Oametocyte8, with faintly staining nucleus and granukr pi'otoplasm. 

Figs. tS-16.— Forms found in the blood some weeks after acute attack (maorogametocytes). 

Figs. lTw-g2,--Bome anomalous forma. 

Stained Giemsa, X2000. 
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Trypanosomes of the Domestic Animals in Nyasaland. I. Try- 
panosoma simicB, sp. nov. Part 11 . — The SusceptibiUty of 
Various Animals to T. simm. 

By Surgeon-General Sir David Brdck, C.B., F.R.S., A.M.S. ; Majors David 
Harvey and A. E. Hamerton, D.S.O., E.A.M.C.; and Lady Bbuce, 
R.E.C. 

(Scientific CommiBsion of the Boyal Society, Nya^alanii, 1913.) 

(Received June 2, — Read June 12, 1913.) 

Introduction. 

In a previous paper* the morphology of this interesting species of trypano- 
some was described, and it is now proposed to give an account of its action 
on animals. 

One of the first iiitei'esting points to be noted about this species is that, 
as far a^,,il known, the warthog {Plmcochmrm mtheopicus) is the only animal 
among the wild game of this district which harbours it.t It is probable 
that, it will also be found in the blood of the bush-pig, but not a single 
specimen of this animal has as yet been obtained by the Commission. The 
warthog is numerous in the low country in this neighbourhood, which, 
accounts for the large numter of tsetse flies found to be infected with 
TrypanosoiMi 

It is to be regretted that this species was not named after the warthog 
instead of the monkey, but at the time the name Simiw was taken the Com- 
mission was ignorant of the close connection which exists between the former 
animal and this parasite. 

Another interesting feature in regard to this trypanosome is the virulence 
it displays towards monkeys and the domestic pig, killixig these animals in 
an incredibly short period of time, whereas it is harmless to oxen, antelope, 
dogs, and the smaller exj)erimental animals. Curiously enough,, this 
trypanosome also infects goats and sheep, although oxen^and antelope escape. 

The rapidity with which the virulence of simice becomes modified is 
also remarkable. When a cage containing wild Glossiiut moTBitam is placed 
on a monkey and a goat, both animals take tlie disease, and the monkey in 
such an acute form that the average duration of life is only a few days. But 
if it is attempted to pass T. simm from an infected goat to a healthy monkey 
by the inoculation of the goat's blood, the experiment usually fails, showing 

* ‘ Roy. Soc. Rroc.,» 1912, B, vol. 86, pp. 477-481, 
f " XrypanoBomes found in Bltwd of Wild Aniroals.” 

I Jbid.j “ Infectivity of Olossim mornitans m KysttaJand.^' 
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thafc a short sojourn in the blood of the goat has almost nullified the virulence 
of the parasite for the monkey. 

T, sintias belongs to the same group as 1\ peoorum, and it is cunous that 
in the latter species this loss of virulence also occurs. If T. peccrum^ which 
is usually more or less infective to the monkey, dog, and rat, lives for some 
time in the blood of the goat, it loses its power of infecting the other animals. 
This has given rise to the erroneous idea that a separate species — T, nanum — 
exists. T. nanum is in truth nothing but a strain of T. ptcorvm which has 
lost its virulence for these other animals by its passage through the goat. 

T, $imice is also like T. ptcorum in general appearance, and in fact it is 
often difliicult or impossible to distinguish between a short individual of the 
former species and a long one of the latter. The average length of T. Bimicc 
is 17*6 microns, with a minimum of 14; the average length of T.pecorum is 
14 microns, with a maximum of 18. When the coloured plates of the two 
species are compared this resemblance is at once seen. There is the same 
well-developed undulating membrane, tlie same oval nucleus, 8it||lted about 
the middle of the body, and the same eccentrically-placed microuucleus, often 
appearing to project beyond the margin, as noted in the description of the 
morphology of T. simice. 

These two species, however, differ essentially in their action on animals. 
Whereas T. simim expends its virulence on monkeys and pigs, T, pecomnt is 
especially fatal to cattle, goats, sheep, and dogs. 

ArJiMALs Susceptible to TKYPAl^osoMA simias, sp. nov. 

Table I. 


Date. 

No. of 

expt 

Source of riruB. 

Period of 
incubation 
in days. 

Duration 
of disease, 
in days.* 

Remarks. 

1012. 



Cattle. 

1 



April 24... 

485 

From Monkey 405 

1 

— 

Never showed tryimnosomes. 

»4... 

486 

„ 405 


— 


17... 

904 

From Otohi 668 


— 


« 17... 

046 

» 668 

Antelope. 


** >» 

Sept 2$.^ 

1840 

Ftoin Konkey. 1268 
wdl869 

1 

— 

Duiker. Never showed try- 
panosomes. 

Kor. 8.,, 

1888 

From Monkey 1641 ... 


— 

Embuok. Never showed try- 
panosomes. 

n 6... 

1018. 

1840a 

„ 1641 ... 

1 


Duiker. Never showed try- 
panosomes. 


1080 

„ 1910 .;. 


““ 

Beedbuck. Never showed try- 
{Mnosomes. 

M S,,. 

1081 

1910 ... 

“ 


Duiker. Never showed try- 
panosomes. 




£ 
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Table I — continued^ 


' Dttte. 

— — _ 

H O 

^ • 
r*- Or 

1 Source of view.. 

Period of 
inoiabation» 
in daye. 

Puration 
of disease, 
in days,^ 

Eemavkft. 

( 

1913. 



Goats, 



1 F«b. 1... 

m 

Wildfliea 

17 

55 

Mixed infeotion. 

„ 1... 

117 

From Monkey 20 

11 

60 


8... 

126 

Wild flioB 

7 

86 


„ 9... 

176 

}> 

20 

88 

i> II 

1 „ 19... 

247 

M 

21 

80 


! 27... 

262 

>1 

9 


Still alire after 898 days. 

Mar. 88... 

060 


6 

42 

Mixed infection. 

I April 19... 
„ 24... 

428 


6 

18 

Pied of T. 

426 

From Monkey 406 

22 


Still alive after 841 days. 

i 24 

426 

M 406 

— 

— 

Kever showed trypanosomes. 

i i» 29... 

429 

Wild flieB 

12 

42 

Mixed infection. 

! May 14... 

279 

n • • ' 

18 

54 

Pied of T. mmta. 

i „ 16... 

410 


6 

19 

Mixed infection. 

1 „ 18... 

568 

>} 

11 

112 


: June 1... 

671 

)> * • • « • 

11 

28 


« 4... 

620 


0 

80 

Pied of T. 4 tifnia, 

„ 19.. 

m 

m4, 

From Goat 680 

8 

29 

II II 

„ 19... 

»» 620 

8 

307 


M 19.^ 

710 

620 

8 

60 

Mixed infeotion. 

Aug. 21... 

1117 

From Warfchog 1189... 

40 

— 

Still aliTc after 222 days. 

.. 24... 

1118 

„ 1186... 

28 


» „ 219 „ 

Sept. 12... 

laii 

„ 1308... 

From Goat 1113 

18 

— 

Killed October 8. 

„ 20... 

1461 

9 


Stil) alive after 188 days. 

Oct 0... 

1470 

„ 1811 

21 

...... 

M II 179 „ 

„ 14... 

1488 

1461 

14 

— 

II 91 168 iy 

Kot. 6... 

1660 

From Monkey 1541 . . . 

i « 

— 

1) II II 

,, s... 

1661 

„ 1641 ... 

: 6 

— 

I) II 146 ,1 

„ 6... 

1652 

„ 16U ... 

6 

— 

19 „ 146 

„ IS... 

1601 

From Pig 1686 

3 

. — , 

1 1 91 1 86 f 9 

„ 20... 

1 

1918. 

1618 

Wild flies 

9 


II II 181 „ 

Jan. 27... 

1810 

» 

6 

Sheep. 


Mixed infeotion. 

1 1812. 1 

1 

1 



j July 11,,, 1 

907 1 

From Goat 668 | 

6 1 
Pigs. 

86 1 

Mixed infection. 

Nov. 5...I 

1668 

From Monkey 1641 , , . j 

6 

0 

Pied of 1\ Jifimia*. 

.. 8...1 

1664 

„ 1641 ...! 

6 

6 

>1 H 

6,..( 

1556 

„ 1641 J 

e 

7 


„ 11... 

1586 

From Pig 1666 1 

4 

6 

l> f* 

„ 16... 

.1600 

1686 

3 

4 

tf >$ 

! 18... 

1609 

„ 1600 i 

8 

4 

If 

i ,> 18... 

1611 

Wildflie« [ 

8 

7 

M 

» 28... 

1631 

From Ooate 1118, 
1484, 1461, 1470, ! 
and 148.'! j 



Kever showed trypanosomes. 

,, 25...] 

1686 

Wildaie. 

18 

98 

Mixed infection, 

D«o. 8... 

1 1666 

It 

6 

17 

„ 6... 

1674 

») 

8 

10 

II II 

i> 11... 

1688 

n 

0 

5 

Died of T, rfmfce. 

» 16.. V 

1 1701 

if 

6 

12 

Mixed infection. 

1013v 

i 1 





Jml 24... 

1801 i 

i 1 

»» 

8 

4 

Pied of P. Mimia, 


• Dwration inolodM th* dayi of inenbMion j it drtw ftrau dky of idlwNioik. 
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Table 1 — continwd. 


Bate. 


1912. 
April 90.. 
„ 30. 
« 80., 


Jfttt. »0.. 
M 34. 


®'eb. 


29.. 
2 .. 
6 .. 

» 8-. 

„ la.. 

37.. 
Mar. 9.. 
Apr. 15.. 

M 18.. 
M 18., 
» 10.. 
„ 10.. 
» 38. 
» 24 
» 26. 
» 27., 
n 27., 
May 8. 

I, 8. 

» 9. 

» U. 

» 34, 
31. 
June 11. 
July 17. 
Sflpt. 18. 
» 18. 
.. 38. 
» 28. 
0«st. 8. 

8 . 

» lA, 

» U. 

M 23., 


Nov. 


1 . 

1 , 

U. 

11, 

11 . 

19. 

19. 

37. 


No. of 
expt. 


20 

55 
54 
49 
59 

56 
219 
286 
326 
406 

447 

448 
404 

449 
465 
480 
468 
492 
495 
504 
623 
621 
645 
676 
601 
629 
906 

1404 

1405 

1404 

1405 
1468 
1476 
1404 

1406 
1515 
1404 
1406 
1535 

1541 

1542 
1688 
1684 
1586 
im 
1617 
1668 


Source of vinw. 


Wild flics 


From Monkey 56 
WildflieB 


From Dog 211 
From Goat 175 
Wild flies 


From Monkey 404. 

Wild flies ... 

From Monkey 406. 

Wild flies 

From Bog 436 .... 
Wild flies 


From Monkey 646. 
Wild flies 


From Goat 

668.. 

It 

1118.. 

II 

1118.. 

1* 

1118,. 

II 

1118.. 

)» 

mi,. 

II 

1117.. 

II 

1461.. 


1461.. 


Period of Duration 
inoubation, I of disease, { 
in days. in days,* ; 


Baboons. 


Bemarks. 


499 1 

From Monkey 449 i 


600 1 

„ 449 

— 

601 1 

1, 449 i 



Monkeys. 


WUd flies 

From Goat 1488 

» 1488 

1488 

From Monkey 1515 
„ 1616 

From ?lg 1555 

„ 1556 

WUd flies 

From 6k>at 1601 

II 1650 

„ 1601 


7 

9 

5 

6 
6 

11 

7 
6 

5 
9 

8 

6 
8 
4 
8 

10 

6 

7 
12 

4 

5 
3 

10 

6 
11 

8 


9 

9 

12 

8 

8 

9 

52 


12 

6 

10 

8 

10 

18 

68 

11 

11 

5 
'7 

6 
14 
81 
17 
11 


11 

20 

12 


Never showed trypanosomes. 


i I)ie<l of T, simia. 


1 


Still alive after 818 days. 
Mixed infection. 

n )> 

Never showed trypanosomes. 
Killed April 24. 

Still alive after 159 days. 
Died of 7*. #/»»?«. 


I Mixed infection, 
Died of T. 


Mixed infection. 

Died of T, nmiai, 

n n 

Never showed trypanosomes. 


^ Duftttian iaaludea tiie days of inctibation ; 


Died of T. sfmue. 

Never showed ti^panosomes. 

If II 

>> If 

Killed for inoculation purposes. 
Died of T. 

alive after 140 days. 

Died of T, Hmm, 

Never showed tr^nosomes. 

Still alive after 124 days. 

it dates from day of Infeotton. 

X 2 
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Table l-—conHimed. 


Date. 

No. of 
expt. 

Source of virus. 

Period of 
incttbatiOD, 
in days. 

Duration 
of disease, 
in days,* 

— — J. 

Kemarks. 

■ 

lOlK. 


Monb 

.eya — contin 

ued. 


Nov. 28,., 

1404 

From Monkey 1586 ... 



Neyer showed trypanosomes. 

Dec. 7... 

1677 

From Goat lo60 

— 

— 


» 11... 

1881 

TransmiMion expt. . . . 

11 

2d 

Died of T, jfimim. 

M 14. . 

1697 

From Goat 1551 

.... 

— 

Nerer showed trypanosomes. 

„ 14... 

1698 

1601 

— 


** if 

1918. 






Jan. JO... 

1772 

Wild flies 

Average 

14 

7-6 

Dogs. 

10 *8 

Still alive after 74 days. 

1912. 






Feb. 6... 

119 

From Monkey 65 


— 

Never showt>d trypanosomes. 

« 6.. 

128 

66 



»» » 

,> 

180 

„ 66 


— 

»» 

„ 16... 

211 

Wild flies 

— 

— 


M 24... 

mo 

From Monkey 219 


— 

»j *» 

„ 24... 

mi 

68 

— 

— 

>7 1 ) 

„ 24... 

254 

„ 58 

— 



„ 24... 

858 

„ 219 

— 



Mur. 9... 

820 

From Goat 176 1 


— . 

JJ )» 

„ 9... 

821 

126 j 

— 

— ^ 

»» M 

» 9... 

819 

176 

— 

— 1 

>* n 

„ 9... 

822 

126 

— 

— 

M 

» 9... 

825 

From Monkey 286. . . . . 

— 1 

— 

)> )) 

„ 18... 

880 

„ -68 1 

— j 

— 

IJ 

April 5... 

409 

58 ; 

Wild flies 

— 

— 

’* >> 

„ 12. 

486 

— 

— 

n ff 

» 24... 

481 

i From Monkey 406. . . . . .j 

— 

— 


» 24... 

462 

406 1 

— 

— 


» 27... 

489 

440 1 


— 

H M 

n 27... 

490 


— 

— 

If if 

Oct. 8... 

1460 

From Goat 1811 

— 

— 1 

\ »> ii ^ 

» 29... 

1520 

i«a 1 

Babbits. 


i JJ »» 

Oot. 29 . .1 

1528 i 

I From Goat 1488 

— 


Never showed trypanosomes. 

„ 29... 

1628 

1488 

— . 

— 

H tf 

Nov. 6... 

1548 

From Monkey 1541 ... 

— 

— 

if » 

6... 

1544 

„ 1641 . . 

— 


n n 

» «... 

1545 

„ 1541 ... 

— 

•— 

if *1 

Dwj. 14... 

1548 

From Fig 1686 

— . 

— * 

it a 

14... 

1544 

,, 1686 


— 

■tf ti 

» 14... 

1546 

„ 1688 

Wild flies 


** 

H >i 

24... 

1912. 

1714 

7 

11 

Mixed Infeotion. 

Jan. 88.. 

I 

. 1627 

» 

9 


Mixed infeotlon. Still alive 

after 62 


** Duration indudav the daje of incubation; it datM from dajr of inleetion* 
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Table I — continued. 


Bate. 

No. of 
expt. 

Source of vims. 

Period of 
inoubationi 
iu days. 

Duration 
of disease, 
in days.* 

Bemarks. 

I 

1912, 

April 24... 

4A8 

c 

From Monkey 405 

Guinea-pigs. 


Never showed trypanoeomes. 

Oot. 29 

1524 * 

From Ooat 1^8 . .. 

— 



Nov. 6... 

1546 

From Monkey 1541 ... 




i » 5.. 

1647 

„ 1541 ... 

— 

— 

»» » 

i 1918. 

i 


j 

1 

1 

1 Jan. 4... 

1731 ; 

Tranumiission eipi. ... 

i ^ 

1 

1 

I 

1912. 1 

April 24... { 

484 

From Monkey 405 

Rats. 

1 

Never showed trypanosomes. 

27... 

491 

„ 449 

1 — 


>> 

Oct, 29... 

1521 

From Goat 1488 

I 

1 

Y> t> 

Nov. 6... 

1548 

From Monkey 1641 .. 


- 

it 

„ 6... 

1549 

„ ■ 1541 .. 

! 

i 

1 

i 

»» it 


* Daretion includes the da;s of incubation ; it (Intcs from da; of infection. 


Action of T, simite on Horses, Oxen, and Antelope . — There has been no 
opportunity of testing the action of T. simiw on equines. Four oxen were 
inoculated, two from an infected monkey and two from a goat, but all four 
remained in good health. Five antelope in confinement were also inoculated 
without result, and it would seem that these animals are really refractory, 
since in no instance has T. simiae ever been found in the blood of antelope. 

Disease set up in Goats and Sheep hy T. simiffi. — ^Thirty-one goats and one 
sheep were infected by this pirasite, as the result of various experiments. 
Fifteen of these were used in wild G. morsifans feeding experiments, three 
had warthog blood injected into them, and 14 were inoculated with the 
blood of infeoted experimental animals. It has already been remarked that 
this species of tiypanosome varies rapidly in its virulence or power of setting 
up disease in animals. Its virulence would appear to be exalted by passage 
through the " fly," or, at least, to have reached its highest virulence after 
passage through the “fly," and lowered by passage through certain aninuda 
For example, of the 15 goats infeoted by the bite of the " fly," IS died, on an 
average, in 46 days, and only two recovered. The three goats which were 
infeoted by the direct injection of warthog blood all recovered ; this is curious 
when it is remembered that in all probability the "fly" must get its infeetioh 
solely fiiotn this animal. Six goats were injected with the blood of "fly"- 
ihfbcted monkeys; only one died, four recovered, and one pnoved refractory. 
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Six goats were also infected from goats; of these, three died and three 
recovered. This variation in virulence may also be expressed, for the sake 
of clearness, in the following table : — 


Table II. — Mortality among Goats infected in Various Waj'S by 1'. simiee. 



Mode of Infection. 


Wild 1 

O. tnor^Uam 
feeding. ^ 

Wnrthog blood, 
injection of. 

Monkey blood, 
injeo^n of. 

O’oat blood, 
injection of. 

Percentage of deethe ! 

1 

86 *7 i 

! 

i 0*0 1 

16*7 

60 '0 

No. of goatf employed j 

15 

'3 

6 

6 ; 


What does this table show ? It is meant to show that if goats are infected 
with T. simiee diregtly by the bite of the “ fly,” most of them will die, whereas 
if the parasite is passed for a generation or two through goats, monkeys, or 
the warthog, the rate of mortality for the goat will fall. But it may he 
objected that the six goats which were infected with goat’s blood have a 
mortality of 50 per cent., which is almost as large as the wild G. morsiians 
feeding experiments. But if Table I be referred to, it will be found that the 
three fatal cases were inoculated with blood from a goat which had only 
recently — some 10 days — been infected by the bite of the “ fly,” and ought, 
on account of the shortness of the time, to be included in the first, or “ fly 
feeding, column ; the other three, non-fatal cases, from goats infected by the 
injection of warthog’s blood, should be included in the second column. If 
this were done, then the table would appear as follows : — 


Table III. 



Mode of infection. 


Wild B; 

Wartbog blood, 

Monkey blood. 


feeding. 

injMt&n of. 

injection of. ! 

! 

Percentage of deaths 

00 -0 

' 

0*0 

16 7 

No. of goat* employed 

' 18 i 

1 

6 

6 


It must be oonfessedi however, that the nnmbeni are smidl and subject to 
a large margin of error, but the . figures seem sufficieutly rfmarkafale to 
merit record. It may also be remarked that the matter is of little ptactioal 
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importance, ae under natural conditions goats will always be infected by 
the bite of the “ fly ” ; but it is interesting as showing the fallacy of judging 
from the notion of laboratory strains as to what will occur in nature. 

Among the goats infected by wild G. morsitans, there are many cases of 
mixed infection. On referring to Table I it will l)e seen that there are 
15 oases of infection by wild 0. morsitam among the goats. Of these, only 
three were cases of pure infection with T. siniiw, the remaining 12 were 
mixed infections. These tiiree died, on an average, in 32 days. There 
were 12 cases of mixed infection ; of these, one recovered and the remaining 
1 1 died, on an average, in 49 days. 

From this it would appear that T. mnias, acting alone, is as rapidly fatal to 
goats as it is when occurring in various combiuations with T. h-ueei, 
T. pem-nm, or T. caprw. T. simixe infection, when the result of the bite 
of the “ fly,” must therefore be looked upon as a fairly deadly enemy to 
goats. 

During life this disease of goats is not marked by any. special symptoms. 
There are neither swellings of the body, limbs, or face, nor corneal 
opacities, as is sometimes the case in other trypanosome diseases of goats : 
the animal merely becomes more and more antemic and emaciated, and 
finally dies of exhaustion. 

Disease set wp in the Domestic Pig by T. simiee. — In the whole range of the 
trypanosome diseases of animals there is surely nothing so striking as the 
rapidly fatal action of T. simw on the domestic pig. In nine experiments 
the average duration was only 5*3 days. This, not from the time of the 
appearance of the trypanosomes in the blood, but from the date of infection. 
Further, this rapid aotiou is not the i-esult of an exaltation of virdlenoe 
by numerous passages through the pig, but natural to the trypanosome. 

In regard to the symptoms of the disease daring life, nothing noteworthy 
happens owing to the rapidity of the disease. 

Disease set up in the Monkey by T. simue — ^This trypanosome is also remark-, 
ably fatal to the monkey. In 20 experiments with wild G. imreiUans 
17 monkeys died, the duration, on an average, being only O'S days from the 
day the flies were fed. Three are BtUl alive after 318, 169, and 74 days, 
and have evidently recovered. When a monkey is inoculated with blood from 
an infected monkey the result is the same, the duration in five oases being 
10*6 days. It will be seen, however, from Table I, that these five monkeys 
were all inoculated with blood from monkeys which had only very recently 
beeo infected by the bite of the “fly.” On the other hand, when a 
monkey is inoculated with blood from a goat infected with T. aimiee, the 
resolt, as a rule, is negative. Ten monkeys were inoonlated with blood of 
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fly ’’•bitten goats and only one became infected ; the other nine remained 
negative although the trypanosome had only been in the goats an average 
of 23 days. From this it would appear that T, Bvmim loses its virulence 
for the monkey if exposed to the action of the living goat's blood for even 
so short a period as 12 or 14 days. 

Action of T. simian on the Dog , — The dog appears to be immune to this 
species of trypanosome. Many experiments were made by feeding wild 
0, morsUam on dogs and by inoculating the blood of infected goats and 
monkeys. In not a single case did the trypanosomes appear in the blood 
nor did the dogs appear to be affected in any way. But in two *‘fly’* 
feeding experiments (211 and 436), although T. dmi/e did not appear in 
the blood of the dogs on microscopical examination, yet the injection of 
their blood into monkeys gave rise to an infection with T. simiet, showing 
that the parasite was present although in numbers too small to be detected 
by the microscope. It is possible, then, that the dog may act as a 
reservoir of this disease, but most improbable that it does so to any practical 
extent. 

Action of T. simise on Bahhita , — The rabbit seems also to be practically 
immune to this disease. The injection of blood from infected goats, pigs, 
and monkeys has no effect. But on two occasions after feeding wild 
(?. morsitam on rabbits, T. dmiw appeared in their blood, in one case 
(Experiment 1714) in large numbers, in the other (Expmiment 1827) 
only rarely. Both these were examples of mixed infection, the former of 
T, dmice and T, pfieorwm, the latter of T. dmice^ T, pecorum, and T* hruod. 
It was attempted to infect a rabbit by feeding ou it a fly which was known to 
be infective with pure T, dmm^ but witli no result. 

This susceptibility, or non-susceptibility, of rabbits to T. dmw is perhaps 
not a very important matter, but the experiments go to sliow that the 
natural mode of infection of trypanosome diseases by means of the ** fly ” is 
probably the most efibctive. 

Actmi of T. simiaa on Oninm^^a and RcUa , — Both these species of 
animals appear to be refractory. 
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Table IV- — The Average Duration of life in VariouB AnimalB infected by 
T, dmice, Nyasaland. Mixed infections are not included. The duration 
inolndeB the days of incubation ; it dates from the date of infection. 
The letter li stands for refractory. 



Ox. 

Antelope. 

O-oat 

and 

sheep. 

Kg. 

Baboon. 

Monkey. 

Bog. 

Babbit. 

Otunea- 

Bat, 

Average dura- j 
tioQ in dayff 

E ' 

R 

46-6 

6*8 

B 

10-8 

1 

K 

E 

K 

B 

No. of animalu | 
employed 

4 

6 

6 

9 

i ^ 

S4 1 

j 

21 

10 

5 

1 

5 


Table V. — The Percentages of Retsoveries in Various Animals from 1\ simiai 
infection. This table includes mixed infections. 



Ox. 

Antelope. 

Gkiat 

and 

sheep. 

Pig. 

Baboon, j Monkey, 

! 

Bog, 

' 

Kabbit. 

Ouinea- 

Pig- 

Bat. 

Peroentages ... 

R 

B 

37 '6 

0‘0 1 

E 

i 

1 14*3 

! 

R 

R 

R 

B 

^0. of animals 
employed 

i 

4 

j 

6 

32 

18 1 

i 

! 

8 

85 

i 

21 

10 

5 

5 


The Cakkiek of T. simiae, Nyasaland. 

In Nyasaland the earner of T. aimioi is 0. morsUmis, of which 3‘4 per 1000 
were found to be infected. A paper on the development of T. dmia’ in 
G. mordtam is in course of preparation. 

The Host, or Reservoir, of T. simias. 

The warthog. — Thirty-three of these animals were examined, and T. dmiat 
found in three. 

Conclusions. 

1. T. dmia belongs to the same group as T. peconim, and, like the latter 
is erratic in its action on animals. 

2. T, dmia afibots goats, sheep, pigs, and monkeys. Oxen, antelope, dogs, 
rabbits, guinea-pigs, and rats are practically immune. 

8. The carrier is moraitaas. 

4. The reservoir of the virus is the warthog. 





Trypanosome Diseases of Domestic Animals in Nyascdamd. 

I. — Trypanosoma simiae, sp. nov. Part III. 

By Surgeon-General Sir David Bkucb, C.B., F.B.S., A.M.S., Majors David 
Harvey and A. E. Hamekton, D.S.O., E.A.M.C., and Lady Budge, 

(Scientific OoiumiMion of the Boyal Society, Nyaealand, 1913.) 

(Received June 9, — Read June 12, 1913.) 

[Platjss 6-8.] 

Introddotion. 

In previous jiajiers* the morphology of Trypancmma nimias and its action on 
animals have been descrilied. In this it is intended to give an account of 
its development in Glomna rmraitans. 

Before entering, however, into the details of this particular development, 
it may be of interest to take a general survey of the various modes of 
development which take place in the different groups of tryi>anoBoniea It 
may tlien be laid df)wn that there is a well marked separate and oharaoteristic 
ni(jde of development in each of the tliree mein groups of trypanosomes 
In the first group— the T, hnieei group — which includes T, hrucei, 
T. t/amUense, T. evarm (?)» and T. equipe^Hum (?), the parasites develop~-at 
least in the first two named species — at first through the whole length of the 
intestinal tract, excluding the proboscis, and eventually reach the salivary 
glands, where forms resembling those found in the blood of animals are 
developed, and these alone constitute the infective stage. 

In the second group — ^the T. pecorum group— which includes T, peconim 
and T, simice, the development takes place in the intestinal tract, including 
the labial cavity of the proboscis, and afterwards the trypanosomes reach the 
hypopharynx, or termination of the salivary duct in the proboscis. Here 
they revert to the original blood form and become infective. In this group 
trypanosomes are ‘never found in the salivary glands, and no blood forms or 
infective forms are developed until the hypopharynx is reached. 

In the third group — the T. vima group — which includes T. vivas;, 
T. unifonm, and T, ewpi'a, the initial stages of the development take place in 
the labial cavity of the proboscis alone; later the hypo{^a{ynx is invaded, 
where again blood forms are developed, which again constitute the only 
infective forms. Here also there is no invasion of the salivary glands, and, 
in addition, no development takes place in the intestinal canal. 

* ‘ Boy. 8oc. Proc.,’ 1912, B, voi W, and 1818, B, voL 86. 
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la all three gi^oupe the copimon factor which leads to the formatiou or 
d«^velopaient of the final or infective forms is the invasion of the salivary 
tract, and this is accompanied by a reversion to the original blood fonns^ 

BjCFlNmONS. 

In this paper the word proboscis '' will mean the piercing apparatus of 
the fly/' made up of the labrum, labium, labelium, and hypopharynx. 
There are two tubes in the proboscis : one for the passage inwards of blood, 
made up by the coalition of the labrum and labium, the other for the passage 
outwards of the salivary secretion — the terminal salivary duct or hypo- 
pharynx. The term labial cavity” in this i)ai>er will mean the former, or 
tube for conveyance of blood, the word “ hypopharynx ” the latter, or duct 
for conveyance of saliva. In the past the use of the word proboscis,” 
including both tubes, has given rise to a good deal of ambiguity. 

The definition of the words “ infected ” and infective ” were given in a 
previous pai>er.* 

The tenii “ blood form ” means a stage in the development of the 
trypanosomes in the fly,” when there is a reversion to the original form 
found in the blood of animals, and from which the cycle of development 
originated. 

Thb Development of T. smiAi in G. morsitans. 

Eight exj^eriments were carried out with laboratory-bred flies. Two were 
positive and six were negative. The following table shows these eight 
exi»eriments, the number of flies used, the number of infected flies found on 
dissection and the number of days which elapsed before the flies became 
infective : — 


Table I. 




No. of 
flieT ui»ed. 

Experiment 
poHtire or 
negatire. 

No. of infected 
flies found. 

No. of daye 
before fliee 
became infeottTe. 

. 1918. 

May 1 

602 

an 

X 



Juno ar 

764 

81 

+ 

a 

60 

Oct, 9 1 

1477 

17 


1 


Not. U 

1582 

8 




» 16 

1802 

20 




M 21 

1822 

16 

I 



ISIS. 

Feb. 8 

i 

1647 

46 

1 1 

. 4 1 

1 ■ ^ 

20? 

18 10 

1S56 

16 

1 “ ■ . i 

1' 

1 



* Boy. Boc. Broo./ B, voL 66. (“ InfeotivUy of Gloamna m Nyasaland.'*) 
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It will be noted that there is a great difference between the two pomtive 
ex}^riniente as regards the time required for the dies to become infective* 
In the first 50 days elapsed, iu the second only 20, This is dxie to Afferent 
temperatures under which the experiments were carried out. The first 
positive experiment was done during the coldest time of the year on Kasu 
Hill, when the mean temperature was 62® F, (16’6® C.), which is much lower 
than on the plains, the natural habitat of mordtam. The flies in the 
other experiment were kept in an incubator at a temperature of 83° F, 
(28'3® C.), and they became infective much sooner. 


Details of the Two Podtive EcopeHnients. 


The following table gives the principal details of the first positive experi- 


ment : — 

Expei'iment 754. 


Table II. 

1 Bay of 
j eipt. 

Procetlt*w». 

Be marks . 

1 1-8 

! 4 1 

1 5-60 

1 1 

Flies fed on T, ^rimia-iniected monkey, 
Starved. 

Fed on clean monke.v 

1 

1 TrypanosoineB flwt appeared on tlie 

1 67th day. 


It is seen that it was not until the flies had been fed on the clean monkey 
for 57 days that the animal showed trypanosomes in its blood. If we allow 
seven days for the average incubation i)eriod of the parasite in the mammalian 
host, then the monkey contracted the disease about the 50th day after the 
infecting fly had fed on trypanosome-infected blood. 

Tlie following table gives the principal details of tl)e second positive 
exf>eriment : — 

ExfpefvmmJt^ 1847, 

Table III. 


Day of 
expt. 

Procedure, 

Beniarke. 

I-IO 

11 

12-27 



FUeB fed on T, eimue^infected monkey* 
Starved. 

Fed on olean monkey. 

Fliee became infective on the 26th 
day after flwt iofeoted feed j 

16 day« after the Uet. 


Since the flies of this experiment were fed on infected blood for a period ' 
of 10 days, the time required for the trypanosomes taken up by the'* fly” 
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to mtUtiply and regain their virulence cannot be accurately estimated. 
Allowing seven days for the incubation period it cannot be more than 
20 days. 

When the healthy monkey became infected^ in order to separate the 
infective flies, those remaining alive were divided into three batches. Each 
batch was put into a cage and fed separately on a healthy monkey. The 
following table gives the details and results of feeding the three batches of 
flies : — 


Table IV. 


Kxpt. 

Batch. 

No. of 

No. of days fed. 

Keeult. 

No. of infected ftiea 
found. I 

1847 

i 

1 ! 

12 

7 


0 

1647 

2 i 

10 

7 

+ 

8 

1847 

8 

18 

7 

+ 

8 


The monkeys on which Batches 2 and 3 were fed showed trypanosomes 
in their blood on the sixth day after the first application of the flies. It is 
therefore highly probable that the flies infected the monkeys on the first day 
of feeding. 

Details of the Six Negative Ex^eHments, 


The following table shows the method of procedure in carrying out the 
six negative exi>eriment8 : — 

Table V. 


Expt. 

Day of expt. 

: 

Procedure. 

Hemarks. 

802 

1-2 

Fed on infected monkey. 



8-4 

Starved. 



6-42 

Fed on clean monkey. 

All flies negative on disaectit)!!. 

14T7 

1-8 

Fed on infected goiit. 

One infected fly found on the 


4-6 

Starved. 

40tb day; proboscis and gut 


0-45 

Fed on clean monkey. 

infected. 

1682 

ut 

#od on infected pig. 



2nd 

Starred. 



8’-80 

Fed on clean monkey. 

All flies negative on dissection. 

1802 

i«t ! 

Fed on infected pig. 



2ud I 

Starved. * 



a-86 

Fed on clean monkey. 

All flies imgative on disseotiou. 

im 

ut 

Fed on infected pig. 



2ad 

Starved. 



8-38 

Fed on clean monkey. 

AU flies negative on dissection. 

im 

1-r 

Fed on infected monkey. 



8-26 

Fed on dean monkey. 

AU flies negative on dissection. 
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In Experiment 1477 a portion oi tlie intestine of tiie infeeteii fLy was 
inoculated saboutaBeousIj into a pig ; the pig did not beoome infeoted; 

Out of a total of 173 flies used in these experiments, 10 flies (6*8 per cent,) 
became infected with a growth of trypanosomes in the intestines and in the 
prohosoes. It will also be seen that only 1 fly in 31 (2*7 per cent.} 
became infective when the flies were kept at ordinary room temperature, 
whereas 4 became infected in 46 (9 per cent.) when the flies were at a 
temperature of 28° C. 

GeNKBAL CONSIDBBATIONS BBOAKDmG THB DeVKLOPMKNT OF T. SIMLB IH 

G. MOBSITAN8. 

* 

All the flies dying during the progress of the experiments were dissected. 
In the two positive experiments, out of 76 flies dissected, nine infected flies 
were found. The following table gives the results of the dissection of these 
nine flies : — 

Table VI. 


Expt. 

Time, 

FroboBch, 

ProTentri- 
mil us. 

Crop. 

Fore- 

gut. 

Mid- 

gut. 

Bind- 

gut. 

If 

Salivary 

glands. 

liftbial 

cavity. 

Hypo- 

ph^ux. 

764 

37 

•f + 


+ + 


4- + 



— 


764 

60 



+ + 

— 

+ + 1 


— 

— 

— 

1847 

10-20 

— 



— 

+ + 


— 


— 

1847 

8(MO 

-f 


— 


+ + 

+ + 


— 

... 

1847 

81-41 

+ + 

+ 



+ + 


•f + 

— 

— 

1847 

31-41 

' + + 

— , 

' + 



+ -f 

-f + 

— 

— 

1847 

1 81-41 

+ 


+ 


+ + 

+ + 




1847 

82-42 

+ + 

+ 


— 

+ + 

+ + 

+ + 

— 

— 

1847 

82-42 

w* 



"" 

i 


* 

waa 



From this table it will be seen that in seven out of nine flies dissected the 
labial cavity is found to contain trypanosomes. This is very different from 
what is seen in the similar table relating to T. gambimse. There not a 
single case of infection of the proboscis is recorded.* 

At what stage in the development of the trypanosome the proboscis takes 
a part is not known. It is probable that the infection commences in the 
intestinal tract and moves forward into the proboscis, but owing to the 
difBculty of obtaining sufficient kboratoty<-bred G. mormtam the Commission 
have not, up to the present, enough evidence to establish this detail. 

In the two infected flies found in the cage of flies, Experiment 764, it is 
to be regretted that the contents of the hypt^harynx were not noted, but 
* ‘Roy. Soe. Proc.,’ 1811 , B, vol es, p. 616. 
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iu all the inleoted flies found in Experiment 1847 this was done, with the 
lesnlt that the hypophaiynx was found invaded by trypanosomee in four out 
of the seven. 

Plate 6 represents, at a magnification of 500 diameters, the lalbisl cavity 
and hypopharynx of an infected fly. While the labial cavity ocmtains 
clusters of lai'ge ribbon-like trypanosomes, the hypopharynx is swarming 
with small active forms resembling the original blood forms, from which 
the developmental cycle arose. When the plate is examined the facility 
with which a tsetse fly can infect an animal will no longer be a matter of 
wonder. 

Finally, from the table it will be seen that in no case were the salivary 
glands invaded, 

■The Methods used in the Examination of the Flies. 

The flies were dissected as described in a previous paper.* An additional 
method of examining the contents of the hypopharynx was to isolate 
infective flies by putting each fly into a separate tube, numbering it, and 
feeding the fly on a susceptible animal with a corresponding number on its 
cage. The numbers on the cages of animals which became infected indicated 
the tubes containing infective flies. These, when thus identified, were 
starved for 24 hours, in order to make them hungry. A tube containing 
one of the infective flies was then taken, and its mouth lieing covered with 
mosquito netting was applied to a large cover-glass placed on a man’s finger. 
The hungry fly at once attempted to feed through the gloss, and in poking 
about with its proboscis smeared the surface of the cover-glass with saliva. 
This was immediately fixed, stained with Giemsa, and examined. 

The Trypanosomes found in the Phobosci& 

Beferenoe to the table above will show that iu Experiment 754 two infected 
flies were found, one on the 37th day after feeding on on infected monkey, 
sad one on the 60th day, and that the labial cavities of both flies were 
infected. 

The fly that died on the 50th day was the one which no doubt actually 
infected the healthy monkey, since the animal showed toypanoBomes seven 
days after the death of this fly and no other infected fly was found. As these 
two- Aim died before they were isolated, the method' of induoing them to 
salivBto on a oOver-glass was not used. When, however, the two proboscides 
were examined in a drop of normal sadine eolntion under a cover-glaes. 

♦ ‘Rty. Sec. Pr<)o.,V19ll, B, vol. M, p, m 
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tiypanosomes attached to the labram were aeen growing in ooididMi in the 
labial cavity. They were moving freely and some detached individoab wero 
swimming actively up and down the lumen of the tube. 

It is to be regretted that the contents of the hypopharynx were not 
specially noted. These were two of the earliest experiments, and at that time 
the contents of the labial cavity and the hypopharynx were not difierentiated. 

In Experiment 1847 seven infected flies were found. It will observed 
(Table VI) that the first was dissected on the 16th day after the last infected 
feed and that the proboscis was not infected. Another fly dissected on the 
32nd day had also no infection of the proboscis. A third fly dissected on the 
3lBt day had the labial cavity of the proboscis infected but not the hypo- 
pharynx. The remaining four were found to contain swarms of tiyponosomes 
in both the labial cavity and the hyjmpharynx. On examination it was 
observed that there were two distinct varieties. One found in the hypo- 
pharynx closely resembled small blood forms of T. simice (Plate 8, figs. 18 
to 21). They swarmed in tlie narrow tube, which had tlie appearance of being 
blocked up by their enormous numbers. These small blood forms of the 
parasite were readily distinguishable from those growing in the labial oavity. 
Those growing in the labial cavity resemble Le^ommm, and are peculiar in 
having their non-flagellated extremity prolonged to a snout-Uke extension 
(Plate 8, figs. 12 to 16). They are assembled in clusters and attached by 
their flagella to the inner surface of the labrum, their prolonged free extremity 
moving vigorously in the lumen of the tube (Plate 6, fig 1). 

The contents of the hypopharynx of a living infective fly isolated from 
Batch 2 was examined by inducing the fly to salivate on a cover-glass as 
described above. On examination of the stained preparations typical blood 
forms of T, vimia were seen embedded in the saliva which the fly had ejected 
on the cover-glass in its efforts to reach the skin (Plate 8, figs. 22 to 25). 
Another infective fly was taken alive from its glass tube and its proboscis 
gently aqiieezed until a minute drop of fluid was observed at its tip, which 
was then lightly rubbed over a cover-glass. Here again typical blood forms 
of T. simice were found embedded in the i^vary secretion (Plate 8, figs. 26 
to 29). 

In Experiment 1847 it is seen that a positive result is associated with the 
finding of infected files in which T. dmite resembling those found in the 
blood of infected animals are found in large numbers blocking. up the tube of 
the hypopharynx. ' 

The experiment of tempting the infective % to feed throui^ a oover-glass 
demonstrates the fact that when the fly salivatM, m it undoitotedly in 
puncturing the skin, these blood forms of the parasite ate wadied out of' the 



Animah m 66 

the saliva and are i^jooted with it tmder the akin of the 

fly's yiotim. 

I'lU'ther examiilatioQ of flies -by inducing them to salivate on cover-glasses 
revealed the fact that sometimes the long, narrow intestinal forms of 
ttypanosomes are ejected in large numbers on to the cover-glass (Plate 8, 
flga 1 to 11). There is no doubt, therefore, that cm infected fly has the power 
of regurgitating the contents of its proventrioulus and intestines forward into 
the labial cavity and probably into the blood stream of the bitten animaL It 
is conceivable that in this way the proboscis first becomes infected by the 
intestinal forms of trypanosomes, which attach themselves to the inner 
surface of the labrum and enter the lumen of the hypopharyni, which they 
invade, however, only as far as the entrance of the two salivary ducts. Here 
in the chitiuous hypopharynx they establish themselves and, bathed in the 
salivary secretion, finally complete their development into the infective blood 
fom of the parasite. 

It is a curious fact that neither the salivary glands nor even the salivary 
ducts beyond the hypopharynx have ever been found infected with T. aimm. 

It was proved by the Commission in Uganda that the blood forms of 
T, ffamhienae developing in the salivary tract wore the virulent forms of the 
parasite, and it now seems also proved that the developmental forms of 
T, muioe found in the hypopharynx represent the last and infective stage of 
development of this species of trypanosome in the " fly.” 

It may be noted here that in the negative £.xperiment 1477, in which an 
infected fly was found (Table V), the labial cavity was infected with the long 
forms of the parasite attached to the labrum, but most careful search failed 
to reveal infection of the hypopharynx with blood forms. In this fly the 
parasite had not attained the final aud essential stage of its development — 
the reversion to the blood type — and so the fly was harmless. 


'The Trypanosomes pound in the Alimentary Canal. 

The intestines of infected flies were generally packed full of trypanosomes 
Irhin the proventrioulus to the raid-gut. Sometimes the infection extended to 
& hina^'gut, btit never beyond. 

little need be said in regard to the developmental forms found in the 
inilestmiM, One curious fact, however, emerges and that is, that it is 
to differentiate one species of trypanosome firom another by the 
cl these intestinal forms. Whether it is T. hruod or T. gambiense, 
or T. simwt they present the same appearance. Perhaps on 
some differences may become apparent, but at present no 
hsa been to exist. The most noiueroiis forms are long, 
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slender, ribbon-like, very* active trypanosomes, which in a former paper*^ were 
called the normal reproductive tyi>e. By comparing Plate 7 with the insets 
of that paper, the resemblance between the intestinal developmental forms of 
T» siviim and T, gaiDibiense will be apparent. 

Conclusions. 

1. Thai T, Bw%w can be transmitted from infected to healthy animals by 
the tsetse fly G. movBitam. 

2. That T. $imim multiplies in the intestines and in the labial cavity of the 
proboscis of the fly.*' Here only developmental forms are found, never 
infective forms. 

3. That the T, dmiw growing in the intestines of the “ fly ’* has no specific 
characters by which it can be distinguished from other species of pathogenic 
trypanosomes found in tsetse flies. 

4. That the final stage of the development takes place in the hypopharynx, 
wherein the infective form of the parasite, similar in shape to the trypano- 
some found in the blood of infected animals, is produced. 

6. That the flies do not become infective until about 20 days after their 
first infected feed. 


DESCKIPTION OF PLATES. 

Plate 6. 

Fig. L — Appearance of the labial cavity of the prolwsciB of Glossim monitant with 
Trgpanomna nmice growing in cluatera attached by their flagellar extremities to the 
inner eui*face of the lab rum. Living and unetamed, x 600. 

Fig. 2. — Appearance of the hypopharynx in the same fly, ahowiug innunievable email and 
af’tive T* nTnice almoet blocking up the lumen of the duct. Living and unstained, 

X 500. 

Plate 7. 

Inteetinal developmental forms of T* simice. These do not differ in appearance from 
developmental forms of other species of pathogenic trypaiiosomeH foimd in the 
intestinal tract of tsetse flies. 

Plate 8, 

Developmental forms of T. dmtm from the labial cavity and hypopharynx of ; 

Figs. 1-11. — Trypanosomes ejected by a living G. fitorsitaM on attempting to ieei;/ 
through a cover-glass. These are supposed to be intestinal fortxvi 
the proboscis and on to the glass by the muscular contraction of the fly* 

Pigs. 12-16.— T. simile growing in the labial cavity of the probcwds of G* montiam* 

Fig, 17. — Aberrant form from hypopharynx. 

Figs. 18- 29.— Blood forms of T. nmtm found in the hypopharynx. These form the final 
stage in the developmental cycle of this species of trypanosome and are ^ 
infective forms. Stained Giemsa, x 2000. ^ ' 

* 'Boy. Soo, Proc./ 1911, B, vol 98, p. 618. 
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Notes on Toxoplasma gondii. 

By Helen L. M. Pixell, B.Sc., Beit Memorial Research Fellow. 

(Communicated by Prof. E. A. Minchin, F.R.S. Received April 12, — 
liead May 29, 1913.) 

[Pl.ATB 9.] 

Tlie genus Toxoplamia was founded by Nieolle and Manceaux (3, 4, 5) for 
T, gondii, a species discovered by them parasitic in the gondi {(JUnodadylus 
gondii) in Tunisia. When first \liseovered the ]yarasite was identified as a 
new 8j)eoies of Leishmania. Further investigation showed, how^ever, that its 
resemblance to the true Leishniania ty]:)e was quite suj)erficial, since it 
neither possessed a kinetonucleus nor gave rise to flagellated forms in 
cultures, consequently it was made the tyjx' of the new genus Toxoplmma, 
of which the affinities and systematic position are at present very douT)tful. 
Since then other species of Toxoplmma liave been descrited from rabbits in 
Braisil {T. cufiiculi, Carini), from dogs in Italy aiid Brazil {T. canis, Mello), 
from moles in Jajjait (T. UilpiT, Prowazek), and from ])igeons in Brazil 
{7\ colurnhm^ Yakimoff and Kohl-Yakimofl‘[10] ). 

Very recently Nieolle and Conor (6) have given an account of the parasitism 
of T, gojidii and the reactions of BU8ce])tible ex))erimental hosts. 

In January of this year Dr. Nieolle most courteously jnesented 
Prof. Minchin with some mice, two of which had l)eeii inoculated from an 
infected pigeon at Tunis. These were brought to the Lister Institute and 
handed over to me for study. I am indebted to Prof. Minchin not only 
for the privilege of examining so interesting a parasite but also for much 
kind help and advice. 

The two infected mice died shortly after tlieir arrival in England : one, in 
fact, on the night after it arrived in Lemdon. In order to preserve the strain 
of the parasites, other mice or pigeons were inoculated by Prof. Minchin 
from those that died. I have thus been able to make post-morteTn examina- 
tions of animals that had died recently froan the effects of the j)ara8ite or had 
been freshly killed. 

Although I propose in this memoir to deal chiefly with the minute 
structure and reproduction of Toxi^hsma, which has never yet been studied 
by oytological methods, I may also refer briefly to some points in the 
ooourrenoe of the parasites and their effects on the experimental hosts that 
have come under my observation in the course of the work* 
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Cacrse of the Infection in Mice and the Di^ribuiion. of the Parasite in the 

Tissues. 

Mice are very susceptible to the effects of the parasites, which prove fatal 
in from 5 to 15 days after intrajieritoaeal inoculation. The symptoms are ; 
(1) an increased rate of respiration until the last 12 hours or so, when 
breathing becoanes slow and laboured; (2) a general loss of the senses, 
especially sight — the mice appearing to be blind for the last day or two ; 
(3) general lethargy — food, however, is taken in many cases almost as usual 
until nearly the end. 

The individuals showed many post-mortem differences, which will be con*- 
sidered under the different tissues. 

(1) Peritoneal Fluid.— In some cases the peritoneal cavity is full of a 
viscid, slightly cloudy fluid containing numerous parasites, both free and 
intracellular — ^in Mice 0 and I) (see below) this was the case and these two 
were undoubtedly the best infected specimens — ^Mouse F, however, which had 
an ecjually large amount of fluid, seemed to liave nothing like the niuoiber of 
parasites, not more, in fact, than A, in which there was hardly any peritoneal 
fluid. It will 1)6 noticed, too, that in both A and F the course of infection 
lasted seven days. 

Other anomalous cases will be noticed among the results of experiments 
tabulated Iwlow, from which it would seem that the cpmutity of jieritoneal 
fluid cannot always be correlated with the number of parasites present, nor 
is the rapidity with which they prove lethal necessarily proj)ortional to their 
number. On the other hand D had, perhaps, the best infection, and it was 
the most rapidly fatal, whereas B, in which the disease lasted 12 days, was 
found on post-mortem examination to l»ave only a very poor infection. 

Hie parasites in well infected animals are to be found in numters lioth 
free in the fluid and enclosed in the cells flioating in it. Of the leucocytes they 
are nearly always mononuclears (Plate 9, fig. 1) that are affected ; only occa- 
sionally has a polymorj)honuclear been found to contain one or two parasites. 
In other cases the parasites are embedded in, or attached to, cellular debris 
(figs. 2, o-c) ; the origin of these masses of debris is sometimes difficult to 
detenaine — they are referred to by Kioolle (6, p. 98) as “ gangues.” Still 
more numerous, however, are the parasites in endothelial cells (mabit^khages) 
which have evidently become detached from the peritoneum and float freely 
in the flmd (figs, 3 and 4). 

(2) Mmnierks . — Finding that detached endothelial cells were so often 

infected with parasites, I was led to examine the mesenteries tbemselvee, 
with the result that the endothelial cells these aenms membranes 

were found in many cases to be packed with parasites (figs. 5 and 6). 



Mttjor S, E. Chri»topher» tells roe that the serous ijaemhranes have not, bo 
far as he is aware, been examined in oases of Kala Azar, and he suggests 
that the lysteimo parasite, Leishmania dmwvam^ may possibly be found to 
infect the membmnes and peritoneal fluid in patients suffering from tlus 
disease also, since the two parasites seem to be similar in so many other ways. 

In prej>arations of the stretched omentum, stained with silver nitrate and 
the other reagents mentioned below, large pavement cells may be seen 
crowded with as many as sixty or seventy paiasites (fig. 6), other cells may 
have only one or a few toxoplasms (fig. 5). In the latter case the nucleus 
of the host-cell sometimes retains its normal oval contour with one or two 
distinct nucleoli (fig. 5, a), but in all those enclosing more than two or three 
parasites the nucleus has become more or less rounded, with the chromatin in 
several blotclies, giving a decidedly necrotic appeamnoe. In fig, 6 it will lie 
seen tliat the central c.ell(a) is uninfected and normal ; the right-hand one (6) 
contains two iwirasites and already the nucleolus is beginning to break ix]). 
In the left-hand cell (c) the degeneration of the nucleus has advanced farther 
still, though not so far as the nuclei of the cells represented in figs, 4 and 6, 
In these, as in many other cases, two such necrotic nuclei are present, which 
fact seems to suggest that after nuclear division had taken place, the infected 
cjell hod not sufficient vitality for the division of tlie cytoplasm. 

The long, narrow, endothelial cells, wdxich in many cases show branching 
ends, axe also very often full of parasites, and although the nucleus in these 
may remain more or less oval, it could not be mistaken for that of a normal 
cell, owing to its general necrotic appearance. In transverse sections of the 
mesenteries parasites could be distinguished not only in the flat endothelial 
pavement cells forming the serous membrane, but also in the connective 
tissue corpuscles of the subserous areolar tissue. None, however> was 
observed free in the lymplxatics or capillary blood-vessels, nor in their 
endothelial linings. 

In mice, such as B, I, and J. described beloxv, which were found with only 
very few parasites in the peritoneal fluid, the mesenteries also seemed to be 
destitxxte of them, and in such cases very few toxoplasms could be found 
anywhere in the body. 

(3) JK-iwr,*— -The parasites here are less numerous than in the peritoneal 
fluid. When present they are frequently seen to be dividing, and may be 
free (flge. 13-16), or in the mononuclear leucocytes, ixever appaiently in 
hepatic cells. In Mouse L, in which the infection lasted 16 the liver 
had become pale and friable, and was much hypertrophied. 

(4) orgto generally has fewer parasites than the liver. They 

may be i|i(du4^ 



70 


(6) Blood. — The peripheral blood does not appear to contain parasiteB. It 
has been te»te<I in some cases during life. 

The heart-blood was foiind to contain a few parasites in the two cases 
examined. 

(6) Kidney. — No jmvasites weie found in this organ in the one case 
examined. 

(7) Lunye and pleural fluid contain a few toxoplasms, at any rate in some 
cases. 

(8) Aqueous Humour and Cornea. — No jxuasites could he found in the two 
cfjses examined (Mice C and J). 

(9) Brain. — No parasites were found in Mouse J. 

(10) Bone Marrow. — No jtarasites were found in Mouse L. 

(1) Experimeidal Infeetiote of Mice* 

Mice A and B were inoculated from the liver of a slightly infected pigeon 
wliich was killed at Tunis on January 10. In all oases inoculation wasintra- 
peritoneal from peritoneal fluid unless otherwise stated. 

Mouse A. — Died January 17. Course of infection seven days. 

Only a little peritoneal fluid was present, but a number of parasites were 
found, both free and intracellular. The liver contained a few, chiefly intra- 
mononuclear parasites. 

Mouse B. — Died January 22. Course of infection 12 days. 

Very little peritoneal fluid and only a few parasites. Liver and spleen 
scarcely any parasites. 

Mouse C. — Inoculated January 17 from A. Died Jantiary 25. Course of 
infection eight days. 

Large amount of peritoneal fluid and many parasites here and in mesen- 
teries. Left eye opaque, but no parasites found in a(|ueou8 humour or cornea, 
and lens appeared to be normal. 

Mouse D. — Inoculated January 25 from C. Died January 30. Course of 
infection five days. 

Largo amount of peritoneal fluid and numerous parasites in this and the 
mesentery. 

Mouse E. — Inoculated January 30 from D, Died February 6. Course of 
infection six days. 

Not much peritoneal fluid nor very many parasites. 

Mouse F. — Inoculated Febniary 5 from E. Died February 12. Course of 
infection seven days. 

Large amount of peritoneal fluid, which was, however, poor in paraaitea. 

* Thwie inoouUtiouB -were performed by Prof. Htocbis under Me Ueenos. 
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Mouse H-— Inoculated February 12 from F. Died February 20, Oodrse 
of infection eight days. 

Very little peritoneal fluid, and this was poor in parasites, so also the 
mesentery. Liver, spleen and heart-blood contained a fair number. 

Mouse I (with three legs only). — Inoculated February 20 from H. Found 
dying January 26 and chloroformed. Course of infection six days. 

Very little peritoneal fluid and a very poor infection. Lungs and liver 
found to he infected with a bacillus and also s diplocoocus. The presence of 
the latter would suggest that the mouse was dying of pnenmonia. Inoculation 
of peritoneal fluid into another mouse gave no result. 

Mouse J. — Inoculated February 20 from the liver of H. Died March 3. 
Course of infection 11 days. 

Only a little peritoneal fluid with a few parasites. The mesentery also only 
contained a few. In the pleural fluid occasional specimens were found, as also 
in the lungs, heart-blood, and liver. 

Mouse L — Inoculated March 3 from J. Died March 18. Course of 
infection 15 days. 

A quantity of fat present and the animal seemed generally well nourished. 
A fair amount of peritoneal fluid, but it only contained a few parasites. Liver 
hypertrophied and of a somewhat friable consistency, but it only contained a 
small number of parasites and none could be found in the bone marrow. 

Mouse Or was fed February 5, 12, and 20 on material infected with parasites, 
but was apparently none the worse on March 19. 

Coficlimons — 

(1) Infection would not seem to take place in nature by means of the 
alimentary canal unless the parasite may possibly bo swallowed in a form 
different from that in the vertebrate host. 

(2) The disease ran its longest course in Mice B, J, and L, which were found 
in post-mortem examination to have only a few parasites. If the rapidity 
with which the poorly infected Mouse I succumbed be ascribed in part to its 
pulmonary bacterial infection and general unliealthy condition, then it would 
seem that the length of the course of infection is approximately inversely 
proportional to the numher of parasites in the whole body and that the death 
of tile host may be due to their cumulative toxic action. 

(2) JHpeons, 

Pig^ 1,-— Inoculated January 22. Intraperitoneum from peritoneal fluid 
of P. No effect. 
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Pigeon 2. — Inoculated January 30. Intiapei^ttiKttm brom peritoneal fluid 
of Mouse D. February 26, peripheral blood tested, no parasites fonncL 

March 19, appeared in perfectly nonnal health. 

I cannot account for this pigeon not beoonung infected after being inoculated 
with the peritoneal fluid of Mouse D, which oontained numerous paraeitea 

\Jwne, 19. — I tmderstand from Dr. Nioolle that he has also found that 
pigeons cannot be infected by inoculation of the virus after passing through 
mice, though he has succeeded in infecting them easily dii-ectly from gondi.] 

TeeJinigm. 

Many smears were stained with G-iemsa, and the presence of parasites was 
easily tested in this way, although, as is well known, this stain cannot he relied 
upon for cytological detail. On the whole iron hsematoxylin was found to be 
by far the lojat nuclear stain. Delafleld’s hsematoxylin also gave good results. 
Twort’s stain, borax carmine, paracarmine, Mayer’s acid hamalum and 
Mann’s Iwematein were used with less suocess. Double staitiing was found to 
be advisable in all cases. Orange Q and eosin were quite satisfactory for 
this purpose. No differential staining of the cytoplasm was effected by using 
mixtures such as licht-griin and picric acid or picrouigrosin ; both of these 
were, however, useful for the stretched omentum. Another useful mixture 
for sections was eosin and licht-grfln made according to Chatton’s formula 
(2, p. 254), which is a modification of Prdnant’s. The cytoplasm of the 
parasite took up the eosin only, so apparently there are no merve food- 
particles' or other green-staining inclusions. 

When fixed by osmic acid vapour and absolute alcohol for Giemsa staining, 
the parasites, as usual, appear much larger (figs. 7 and 8) than when fixed by 
the wet methods generally employed. For the latter Maier’s fluid gave very 
good results — slightly better perhaps t^u Flemming’s fluid or a mixture of 
corrosive sublimate and acetic add. 

Morphology of the Pamdte. 

The living parasites are non-motile, but seem to be capable of slighdy 
altering their shapes. A specimen drawn with a camera luoida at intervids 
of 6 or 10 minutes is shown in figs. 2, co-e. It appeared to be tr^ng to free 
itself from a mass of cellular debris. I would not like to say for certain, 
however, that it was really changing its shape, for the apparent diflbrences 
in appearance may possibly have been due to slight invisible ourteuts in 
the medium causing the parasite to be viewed from difibient, aqiects. 1 
have also observed them apparently bending in the middle and torning over. 
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In size, as can be seen from the figures, they agree reiy closely with the 
measorements given by Niooile (6, p. 99) for the average parasite from the 
gondi, namely, 5-5’5^ in length by 3-4/t in breadth. 

The nucleus is generally clearly visible as a rounded region, dearer than 
the rest of the body and somewhere near its centre (figs. 9 and 10). Fig. 11 
shows a dividing form with two nuclei 

In some specimens definite round rehingent granules are to be seen, some- 
times only one as in fig. 9, bub never in large numbers. Tliese will be 
referred to again later. 

In preparations stained by one of the exact cytological methods it can 
easily be seen that the nucleus is of the protokaryon type, that is, it consists 
of a sharply defined karyosome suspended in a clear vesicle (fig. 12). The 
nucleus is probably bounded by a membrane, which is, however, in no case 
distinct, and only occasionally is there any peripheral chromatin (fig. 13). 
The karyosome, no doubt, encloses a centriole, since a centrodesinose is 
formed during fission, as will be described later, but it has not been found 
possible to differentiate the staining of the small karyosome in order to make 
the centriole apparent. 

In the alveolar cytoplasm there are often fairly large vacuoles, and the 
refringeiit granules seen in living specimens take up chromatin stains very 
readily, and are probably, I think, of the nature of reserve chromatin, or 
volutin, as described by Eeichenow (6, pp. 328-331) for Hasmogregarinu 
stepanom. In some cases they have almost exactly the size of the 
karyosome, and since they may occur quite close to the nucleus (figs. 7, 14, 
16, 17, and 22), they are apt to be somewhat confusing. 

The parasites generally lie in distinct vacuoles in the protoplasm of the 
host-cell (figs. 3-5); the formation of these might possibly be attributed 
to the reaction on the part of the cell by which it throws out some sort 
of secretion round the parasite, as suggested by Kow (7, p. 749) in the 
case of heish^mnia tropica, but it seems more likely to indicate a destructive 
liquefying action by the parasite on the protoplasm of the Imst-cell. This 
latter explanation would account for the fact that cells infected with many 
parasites are in an advanced state of necrosis. 

Free parasites may be of different sizes and are frequently found under- 
goiag Wen. Intraoellniar forms often appear to have divided repeatedly 
in suooessiou, giving rise to forms which are much reduced in size 
(%, 4, s). Those nearer the boundary of the cell seem to break away at 
imtervalk as shown in this figure, and all that is seen to remain of some 
cells is a degenerating hhole^^ with a fringe of cytoplasm. 
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Multiplication qf the Pdraeite. 

Toxoplasma divides by the simplest form of .binary fission, The hatyosome 
elongates and becomes dumb-bell sliaped (figs. 16 and 17). The two daughter- 
karyosomes then move apart from one another, remaining connected by a 
short centrodesraose (figs. 18 and 19). This soon appears to »mp, for it has 
disappeared by the time the stages represented in figs. 20 and 21 are reached. 
The vesicle is then constricted off and the two daughter nuclei separate 
(figs. 22-26). 

Division of the body is usually longitudinal, but may sometimes 
apparently be transverse, or oblique (fig. 24). Fig. 22 shows two daughter- 
individuals which have evidently just been formed by longitudinal division, 
and one api)ears to be again dividing longitudinally, the other transversely. 

In some infected cells, perhaps owing to the fact that the parasites can 
divide in different directions, compact more or less spherical masses of 20 or 
mote parasites may be produced which have something the appearance of a 
cyst. A spherical mass of this kind is seen to be forming at a in fig. 6 and 
probably also in figs. 4 and 6. The first of these is, however, scarcely half 
the size of the masses seen in many infected cells. Nicolle (5, p. 99) suggests 
that this appearance may have led Splendore (9) to interpret erroneously 
similar masses as cysts in the rabbit. In the schizogony, recently described 
by Yakimoff and Kohl-Yakimoff (10, p. 202) as taking place in free or 
intracellular forms, multiple fission into 32 or more may apparently take 
place, but it is impossible to make out the details of the process from their 
figures, made from Giemsa preparations. 

Attempts to make Cultures of the Parasite. 

Attempts were made to cultivate the parasite on agar plates, on blood 
agar, and in blood serum, also by adding to some peritoneal fluid a small 
I»ercentage of 50-per-cent, dextrose as recommended by Bass (1) for the 
cultivation of the Malaria parasite, bxit in no ease could auy different form 
bo produced. 

This seems to be all that can be done here in conneotioa with ToxoplaamOf 
but I hope to carry on this work next month in the desert of Sou^ Tunisia, 
which is the most northerly haunt of its natural host — the gondji—^uid there 
to investigate its method of transmission and life-history. 

[June 19. — In the above I have purposely refrained from disonsnog t]» 
affinities ot Toxoplasma until such Ume as its; life-history shemM he kBOW^ 
for until then its systematic position must remain uueertain. The parasite 



is, bowever, to all appearances a true Protoasoun. Since Boc^e-Iinta* has 
claimed to show th&t Histoplasma in a yeast-like organism, the ()[tiestioD 
naturally arises as to the possibility of Toxoplama being also related to the 
Blastomycetes. That such is not the case, however, is, I think, saffii^ntly 
proved by the characteristics described above, such, for example, as : (1) the 
constant appearance of the nucleus ; (2) the absenoe of a distinct refdngent 
membrane round the parasite ; (3) the fact that it does not grow in cnltures ; 
and (4) that no sign of gemmation has been observed, the parasite generally 
dividing by longitudinal fission. Beer-wort gelatine was used for culture 
experiments in addition to the media mentioned above, but in no case could 
the Toxoplatrm be made to grow, neither would they retain any colour when 
preparations were stained by Gram's method. 

Nicolie and Conor (6) in their recent paper, which I saw for the first 
time ill Tunis on my way to the desert, gave some evidence of the fact that 
Toxoplasma causes only a seasonal disease in the gondi. Tiiis I was able 
to confirm, for during April, when I was at Matmata (the place from which 
the disease was originally recorded by Dr. Nioolle), I could find no trace 
of Toxoplasma, although I examined 56 gondi and numerous other indigenous 
animals, including rats, mice, shrews, many birds, such as finches, pigeons 
and eagles, also a palm lizard, snakes, and frogs. I also carefully examined 
the ectoparasites of the gondi, these being in nearly every case the hexapod 
larvffi of a mite (Trombidium 1) clustered together, foniiing yellow masses 
in the ears, and ticks which Prof. Nuttall and Mr. Warburton have kindly 
identified for me as BtUpustph-aliis {Pterygodes) fulmm, Neumann, The latter 
were all in the nymph stage, but some have already metamorphosed since I 
brought them to England, and I am now hoping to make the adults feed on 
mice, guinea-pigs, or rabbits infected with Toxoplasma. Prof. Mesnil lias 
moat kindly sent me the virus for these experiments from Paris. In neither 
of the natural ectoparasites of the gondi could I discover anything that could 
be recognised as ToxopUtma, nor do I think that the parasite emild be present 
in su unrecognisable form, for no results have been obtained by inooulating 
their contents into mice, gondi, and a pigeon. Dr. Nicolle most kindly 
performed these inpoulations for me, and has kept the pigeon, gcmdi, and 
some of mice under pbservatioa at the Pasteur Institute, Tunis *, owing to 
''^.-0X0^/j<^Gaoy;ot the gondi, it would not have been safe to risk bringing 

toem 'to.;!ltohdon.' 

I Am v^ mueh indebted to Dr. Nicolle also for most kindly making 
exos^eqh.AiittnigementB for my visit to the dosert, and for providing mo with 
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plentiful reagents and apparatus for my work thfifre. 1 should also like to 
thank the French military authorities for their courtesy and kindness during 
my stay at the Matmata Fort, where they gave me afl possible assistanoe.] 

EXPLANATION OF PLATE 9. 

TJnleft* otherwise stated, the preparation® were stained with iron hflematoxylin and 
counterstsined with licht-griin and picric acid, 

1.— Mononuclear leucocyte enclosing aeveral toxopUsnjs. x 2000, 

Fig. 2*— Living specimen di'awn at intervals of 5 or 10 minutes, x 2000. a, 6, atill 
attached to cellular debris ; after becoming free. 

Fig. a — Detached endothelial cell containing two parasitcH. x 1000, 

Fig. 4.--^Detached endothelial cell with two nuclei and several parasites, some of which 
are being set free, x 1000. 

Fig. a — Three endothelial cells of the serous membrane, x 1000. a, normal cell ; 

5, cell with two jiarasitoa and nucleolus already beginning to break up ; c, cell 
with a further degenerated nucleiis, and several rapidly dividing parasites 
forming a mass at a. 

Fig. 6.- Cell from the serous membrane of the omenUtm with more than 60 parasites, 
some forming a compact mass at s, x 1000, 

Fig. A toxoplasni from the liver of Mouse H, showing chromatoid masses in its 
cytoplasm, x 2000. Stained Gienisa. 

Fig, 8, — Free ^viding form from liver, x 3000. Staiueil Giemsa. 

Figs. 9 and 10. — Living specimens from ]^eritoneal fluid with one or more refringent 
granules in cytoplaam. x 2000. 

Fig. 11. — Living specimen with two nuclei from j)eritoneal fluid, x 2000. 

Fig. 12. — lutracellukr parasites from a transverse section of omentum, x 8000. Stained 
iron htematoxyiin, eosin, and licht-griin. 

Fig. 13, — Form with some peripheral chromatin in the nucleus, x 3000. Stained iron 
hfenmtoxylin and orange G. 

Figs. 14 and 15. — Recently -divided forms with extranucloar chromatoid masses probably 
consisting of volutin, x 2000. 14, Stained iron htematoxylin and fuclisin B. 
Figs. 16-25.— Free parasites showing biuaiy fission, x 3000, 25. Stained iron hema- 

toxylin and orange G. 
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[Pljitb lu.] 

Prefatwy Note, 

Bewnrehes on the cultivation of the parasites of malaria in Livej’jwol were 
commenced some time ago at my suggestion by Dr. Sinton, and then, with 
better success, by Drs. J. G. Thomson and McLellan, and by Dr. D. Thomson. 
We are greatly obliged to Sir Edwin Durning-Lawrcnce, Bart., for giving us 
the services of Dr. J. G, Thomson for this important enquiry. — Ronald Ross, 
2lBt May, 1918. 

IrUroduetim. 

The successful cultivation of malarial jmrasites was first announced by 
Bass and Johns (1912). Since then several workers, Thomson and McLellan 
(1912), Thomson, J. G.^ end Thomson, D. (1913), and Ziemann (1918), have 
successfully repeated these cultivation experiments. This achievement has 
led the way to new discoveries regarding the malaria] parasite, and suggests 
that it may be possible to cultivate in intro any protozoal parasite, however 
specialised be. 
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So far, only the asexual generation of the malaria parasite has been grown 
in vitro. The next step is to cultivate the sexual generation as it occurs in 
the human host and in the mosquito. We have attempted both, but, so far, 
without definite success. We have no doubt, however, that this will also 
be aooompliBhed sooner or later. In 1912, Thomson, J. G., and Sinton 
successfully cultivated the human trypanosome, and the development they 
obtained was apparently that wl\ich takes place in the stomach of the tsetse 
fly. Joukoff (1913) states that he has cultivated the mosquito cycle of the 
malarial parasite, though his results have not yet been confirmed. There 
is no reason to doubt that the phases of development of protozoa in insects 
may be produced in the culture tube. 

C'liltivatian Technique, 

Our method of cultivation is practically the same as that of Bass and 
Johns, except that it is less complicated ; 10 c.c. of blood is drawn from a 
vein and transferred to a sterile test-tube containing a thick wire leading 
to the bottom of the tube from the cotton wool plug. 1/10 c.o. of a 
60-per-cent, solution of glucose is added to this tube, preferably before 
adding the blood. The blood is defibrinsted by gently stirring with the 
thick wire. Defibrination should be complete in about 5 minutes. The 
wire with the clot is then removed and the blood is poured into several 
smaller sterile tubes (about 1-inch column of blood in each). A rubber cap 
is placed over the cotton wool plugs to prevent evaporation and the tubes are 
then transferred (standing upright) to an incubator at a temperature of 37® 
to 41® C. Tlve corpuscles settle in a short time, leaving libout half an inch of 
clear serum at the top. It is apparently unnecessary to remove the 
leucocytes by centrifugalisation. 

Further ObservationB on Cultivation, 

We have grown four complete generations of i)arasiteg in one tube by the 
above method, and we do not see why their growth should not continue 
indefinitely, provided fresh serum and corpuscles be added. It is not the 
presence of leucocytes which prevents further development This is due to 
degenerative changes taking place in the corpuscles and serum. If the serum 
and corpuscles be kept in a sterile condition in an ice chest they remain 
unchanged for a long time, but at the temperature required for the growth of 
the parasites visible changes take place in a few days, The corpuscles 
become fragmented and form a brownish debris and the serum becomes dark 
brown in colour. When this occurs the parasites are unable to eontmue 
their developmental cycle. Bass and Johns, in their (1912), 
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etitod that the parasites grew only on the surface layer of corpuscles, and 
that no growth took place in the deeper layera They also stated that the 
serum destroyed the parasites when they escaped from the corpuscles, so that 
when the spores escape tliey must enter immediately into a contiguous 
corpuscle in order to survive. The blood also, in their opinion, required to be 
heated to a temperature of 40® C, to destroy the complement in the serum ; 
furthermore, in order to cultivate several generations, the leucocytes had to 
be removed. We do not believe that they liave sufficient evidence for these 
deductions. We find that the parasites develop even in the very deejwt 
layer of the column of corpuscles. Also it seems rather a contradiction that 
the parasites should grow best on the surface layer of corpuscles, next to the 
serum and the leucocytes which are supposed to destroy them. No doubt 
the leucocytes ingest some of the parasites, but they are never able to ingest 
aU of them. Again, in one of our most successful cultures the temperature 
of the blood never exceeded 38® C., and we have found that they are able to 
grow at a temperature as low as 36® 0. This is rather against the theory 
of complement destruction. In an able paper by Mary Rowley Lawson 
(1913), considerable evidence is brought forward to show that the parasites 
are extra-corpuscular during their entire development. If tins is true, then 
the parasites would be constantly in contact with the serum which is 
supposed to destroy them. It appears to us that the only conditions 
necessary for the successful cultivation of the parasites are fresh corpuscles, 
fresh serum, a tem^i^erature of 37® to 41® C. and the requisite amount of 
glucose. The presence of leucocytes and complement is apparently 
immaterial. 

The Qptimvm Temperature , — In our opinion the optimum temperature for 
cultivation is about 38® C. On two occasions we incubated identical culture 
tubes from the same patient, some at 87® C. and some at 41® C. On both the 
oooasionB the parasites developed much more successfully in the tubes 
incubated at 37® C. 

Hmnolyais in the Culture Tubes, 

This is a rare occurrence, having been seen only once out of 15 cases. A 
kind of haemolysis occurs after the blood has remained in the incubator for 
Several daya llie corpuscles degenerate into a brownish debris, and the 
serum idiows a brown discoloration. 

of the Malignant Tertian Paraaitts. 

been observed in all otnr maligcaat tertian cultures 
(Pi 01 ^ even when the pvasites ore soaiDe. It is best 
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observed in wet films, as smearing of the blood tends to break up tfce 
clumps. No tendency to clumping occurred in our benign tertian onlturoa. 

Besistant Forms of Parasites. 

Sometimes it will be found that the parasites do not grow well in vitro. 
They may only grow partially, stopping short of segmentation. This is 
liable to occur if quinine has been given to the patient before the blood is 
drawn. In other oases, only a few of the parasites reach maturity, these, 
apparently, being able to resist successfully adverse conditions in the culture 
tul)e. 

The Morfholoyy of Plasmodium falciparum in Culture. 

The blood examined before incubation always showed the typical small 
ring parasites of malignant tertian malaria; these varied in size, with a 
maximum diameter of alxmt 3/*. There was no enlargement of the red 
blood corpuscles, and no Sohiiffner’s dots. Fig. 1 (Plate 10) shows a small ring 
parasite from the peripheral blood before incubation. After many experi- 
ments in Liverpool, it has been found that there is great variation in the 
rate of growth of P. falciparum in artificial media, and many suggestioas 
can be offered to explain this phenomenon. J. G. Thomson and S. W. 
McLellan (1912) found in oue case that maximum sporolation of 
P. falciparum occurred in 25 hours. This culture was made from a cose 
with very heavy infection of parasites, and the patient had taken no 
quinine. The temperature of the incubator was only 38® C., but the glucose 
added was slightly in excess of that recommended by Bass (1912). Ibe 
rapid segmentation of the plasmodia in this case, therefore, may have been 
due' to two causes; (1) the age of the parasites when introduced into the 
culture tube, since it is to be noted that they were fairly large rings about 
3 p in diameter, and (2) the quantity of glucose may in some way have 
hastened the growth. In other experiments, however, where the glucose 
was slightly in excess, there was no such rapid growth, so that in all 
probability the real cause of the rapid seg^nentation of the parasites in vitro 
is due to the age of the plasmodia when drawn for incubation purposes. 
Another factor which seems to influence the rate of growth is the previous 
administration of quinine, and this may, in fact, inhibit the growth entirely. 
On several occasions we have made unsuccessful attempts to cultivate the 
malignant tertian parasite, and these have usually been from patients to 
whom quinine had been administered. 

On two occasions complete sporulation did not take place till after' 
50 hours’ incubation at 41° 0. On one of these occasions ^e pariintes 
completed several generations, as illostrated by the aocoinpaihying ooUHrted 
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plate (figs. 1-20). We found that maximtun ae^entation took place in 
52 hours. Division of the chromatin into daughter-cells began in about 
36 hours (figs. 4 and 5). In 47 hours the number of spores had increased 
(figs. 6 and 7), and more or less complete segmentation took place in 
52 hours. Fig. 11 shows a parasite which has produced 32 daughter-cells, 
and these have broken loose from the corpuscle. It is to be noticed that in 
the peripheral blood tlie small ring parasites show no pigment. After 
incubation, the rings gradually grow in size (fig. 3), and at a certain sti^, 
immediately previous to the splitting of the chromatin, a round compact 
mass of pigment appears, usually situated near one margin of the parasite, 
which now measures about 5-6 in longest diameter. In the culture under 
discussion, this round mass of pigment was seen in 36 hours (figs. 4 and 5). 
J. G. Thomson and S. W. McLellan (1912) found that the pigment had 
collected iu 12 hours. The parasites immediately previous to segmentation 
measure about 5-6 n in their longest diameter, and all show the circular 
mass of compact pigment. We may call this stage the presegmenting stage. 
The chroinatin now begins to split into two, and, if segmentation is completed, 
32 daughter-cells may lie formed (fig. 11). All stages of segmentation can 
bo found from two spores up to 32 spores as a maximum. During segmentatiou, 
the circular mass of pigment takes a central jxisitiou, and the spores form iu 
a ciieular arrangement around those (figs. 7-11). Iu thiscultiue segmenting 
forms were found at different stages up to 50 hours, this being no doubt due 
to the fact that the parasites were not all of the same age when introtluced 
into the culture tubes. In 76 hours all segmenting forms had disappeared, 
and only very young parasites were found, about 1-5 /a in diameter and 
containing no vacuole (fig. IS), This represents the beginning of a second 
generation. It is to be concluded, therefore, that many of the young 
merozoites escape ingestion by the leucocytes, and enter a new red cell. 
The same culture examined in three days again showed segmenting forms 
(fig. 14), but in this case the spores were never so numerous as 32, and 
this can easily be explained by the adverse conditions which have now 
developed in the culture tube. These conditions did not, however, prevent 
the young parasites attempting to segment. In four and a half days (fig. 16) 
we again only found young rings, which represent the beginning of a third 
generation, and iu six days sporulating forms were again found (fig. 16). 
Here only eight spores formed, and it was evident that the power of the 
pi^asite to undergo full segmentation was getting gradually lees. On 
the seventh day, again, only very young plaemodia were found, which 
raiii^sented a fourth generation, and these again attempted to eporulate 
and 19) on the eighth and ninth days respectively. On the tenth 
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day only young parasites again were found, which represented a fifth 
generation. No further development, however, occurred, as the conditions 
in the culture were gradually becoming more and more adverse. We have 
thns evidence that the parasites will, under very suitable conditions, actually 
proceed in the original culture tube through four complete generations 
without the medium being in any way renewed. 

We now wish to draw particular attention to several points of great 
interest which occur in the cultures of P. falciparum. In these there is 
a definite tendency for the parasites to clump together into masses 
immediately the circular mass of pigment appears, and even l»efore segmen- 
tation begins. This tendency to clump becomes more marked when 
sporulation actually commences. In our opinion this phenomenon explains 
the reason why sporulation occurs as a rule in the capillaries of the internal 
organs. We seldom see sporulation or even presegmenting forms in the 
peripheral blood of malignant tertian cases, and the phenomenon of clumping 
explains this in a satisfactory manner. All the large parasites tend to get 
caught in the fine capillaries of tlie inten)al organs, and thns only young 
rings whoso containing cori)UScle8 have not yet acquired the clumping 
tendency are seen in the peripheral circulation. This fact explains many 
phenomena of pernicious malaria, and shows how comatose malaria may 
occur in infections with P. falciparum. 

The Morphology of P. falciparum in the Hv/mwn. Hod. 

This is identical in every respect with that obtained in tniro, so that it is 
hardly necessary to describe it in detail. As already stated only the young 
ring fonns of this parasite are found in the peripheral blood as a rule ; tiiis 
is due to the fact that when these parasites have grown larger than the ring 
stage, the containing corpuscles stick together, forming clumps which are 
unable to circulate, and thus are arrested in the fine oapillarieB of the inner 
organs. The study of the further stages of this parasite is obtained by 
examining smears of the inner organs such as the spleen, liver, brain, etc., of 
cases which have died. The autopsy smears of over one hundred oases have 
recently been examined by one of us (B. T.), in conjunction with Dr. W. M. 
James, in Panama. In such smears one finds the parasite in different stages 
of development. In some, presegmenters only are found ; some show only 
young rings, and others only sporulating forms. This depends entirely on 
the stage of development of the parasite at the time of the patient’s death. 
In some cases, of course, several stages of development are found, «noe one 
patient may contain several broods of parasites which are in different Stages 
of development, In only one case did we find t}»e parasitiee in stage o| 
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maximum sporulation. All of them contained over 20 spores, and 
33 per cent, had 82 spoi'es. We think that there can be little doubt that wc 
have proved conclusively, both from observations in the culture tube and in 
human host, that P.fcdcipanm is capable of producing a maximum, under 
favourable circumstances, of 32 sporea This is a much larger number 
than has been previously given in the writings of competent observers. 
Boss (1912) quotes the figure of Welch (1897) at 6-20 or more spores. 
Later, however, from observations made by himself and 11. Thomson, he 
taught that the maximum number was 2 to the power of 6 or 32, 
Marchiafava, Bignami, and Mannaberg (1894) state that the numbers vary 
from 8 to 15, while the following authors give the numbers as follows : 
Stephens and Christophers (1908), 8-10 ; Deaderick (1910), 5-25 and even 30 ; 
Gulland and Goodall (1912), 8-15. It is probable that these discrepancies 
are due to two reasons, (n) observations of autopsy smears in which the 
Bporulation had not reached its full maturity, and (1») observations on 
autopsy smears of patients to whom quinine had been given before death. 
In such cases incomplete and atypical sporulation is seen. We do not claim, 
of course, tliat 32 spores are always produced even under favourable condi- 
tions without quinine administration. It is likely that the numbers produced 
vary considerably, just as in the case of benign tertian, which produces 
numbers varying from 16 to 26. 

The Mm'fhology of P. vivax in Culture. 

Here wc are studying a parasite in which all stages from small rings up to 
full sporulation may be seen in the peripheral blood. Sporulation does not 
necessarily occur in the internal organs, and it is quite usual to find these 
forms in ordinary peripheral blood smears. When cultivating this parasite, 
therefore, it is important to draw the blood from the patient when the young 
forms predominate, so that it is then certain whether or not we are obtainiiig 
further development in the culture tubes. In the culture illustrated in 
Plate 10, figs. 21-30, we obtained the blood when young rings (fig, 21) 
predominated and no segmenting forms were found. After eight hours’ 
incubation at a temperature of 39° C., a marked increase in size of the 
parasites was noted (figs. 22, 28, and 24), and pigment was now evident, 
being scattered throughout the protoplasm in fine granules. This arrange- 
ment of the pigment in P, vivax is in marked contrast to what occurs in 
P, f(Mfarvm, where the pigment always becomes arranged into a dense 
oirpular mass from the oominenoement. After 20-29 hours’ inoubatiou 
(%B, 25-30) Bporulation was seen at different stages, the pigment being 
poUaoted into a loose mass of granules in the centre ol the parasite. Hg. 29 
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shows u parasit® with 15 daughter-cells, and we have found on several 
occasions 16 spores, which we think is the usual maxiimnu of daughter-cells 
found iu F. vivaifj, although again we find all stages, from 2 spores up to 
16, according to the stage of development at which we examine the 
cultures. We are quite certain that the spores are never so numerous as 
in the malignant tertian parasite. In these cultures clumping has not been 
found, and this explains why the parasites do not tend to be arrested in the 
internal organs during sporulation, althouglu when full grown they are much 
larger than the malignant tertian parasite. 

The absence of clumping in the case of the Ijenign tertian parasite 
explains satisfactorily the absence of pernicious symptoms in this infection, 
and hence the absence of comatose malaria, and it also explains why all 
stages of this parasite are found in the peripheral blood, oven up to 
sporulation. 

The Morphology of the Bimign Tcriimi Faradte in the Hitman Host, 

This, again, is identical with that which we have just described under 
morphology in the culture tul>GS, figs. 21-30. Tlie chief features in whioli 
this parasite differs from P. falciparum are the large size of the containing 
corpuscle, with the presence of Schilfiner's dots, the straggling form of the 
medium-sized parasites, the scattered pigment in the presegmenting stages, 
and the smaller number of spores. These spoi'es are larger tlian the spores 
of tlie malignant tertian parasite. The pigment in the sporulating forms is 
collected into a loose mass. With regard to the number of spores produced 
by this parasite we have found as many as 24, but the most usual number is 
16 18. In cultiu'o the largest number we obtained on throe occasions 
was 18. The following are the numl)ers of sj^ores produced by P. vivax in 
the human host, according to several observers : Eoss (IlUO) quotes the 
iigiires of Grassi and Eeletti, 15-20 spores ; Marchiafava, Bignami, and 
Mannaberg (1894), 16 spores; Golgi quotes 14-19 sjwes; Stephens and 
Christophers (1908), 15 or more spores; Deaderick (1910) gives 12-26 spores 
of tenest 1 6 spores. 

In our opinion Deaderick’s figures are most correct. All stages of this 
parasiU) are found in the peripheral blood* and the phenomenon of clumping 
has never been observed. Eoss has taught recently that there are four splits 
with this parasite, that is 16 spores; three splits with the quartan parasites, 
tliat is 8 spores ; and five splits, or 32 spores, with the malignant parasite. 
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SiJtAnmary, 

(1) The malignant tertian parasitic has been successfully cultivated after 
the method of Bass and Johns on twelve occasions, and the benign tertian 
on three. 

(2) It is unnecessary to remove the leucocytes from the blood before 
incubation. The optimum temperature would appear to be about 38® C,, and 
the parasites may grow successfully at a temperatxire as low as 36® or 37® C, 

(3) The time required for the full development of the parasite in vitro varies, 
but this variation is partly due to the age of the parasite at the time of 
incubation, 

(4) The cultures of benign tertian differed from those of malignant tertian 
in that there was no tendency to clumping of the parasites in tl)e former, 
either Ijefore or during sporulation. 

(5) This diPFerence appears to us to explain in a satisfactory manner why 
only young forms of malignant tertian are found in the peripheral blood, as 
the clumping tendency of the larger forms causes them to l)e arrested in the 
finer capillaries of the internal organs. It also explains the tendency to 
pernicious symptoms, such as coma, in malignant tertian malaria. All stages 
of the benign tertian pamsite are found in the peripheral blood, and there are 
seldom pernicious symptoms, because there is iio tendency to clumping. 

(6) The malignant tertian parasite {F, fahiparmi) is capable of produtung 
in maxiiimm segmentation, 32 spores. On the other hand, benign tertian 
(P, muw) produces, as a rule, during maximum segmentation, 16 spores; 
sometimes more may be produced, but the number is never 32. 

(7) The pigment in F. faldimruvi collects into a definite, circular, and very 
compmt mass early in the growth of the parasite. On the other liand, during 
the growth of P. riw?; the pigment remains scattered in tlefinite granules 
throughout the body of the parasite, till just befortj segmentation, when it 
collects into a loose mass of granules in the centre of the full-grown 
Plasmfxinmu 

(8) The morphology of P. fakipamni and P. vivax iu the human host Is 
identical with the morphology of these parasites as obtained in the culture 
tube. 
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EXPLANATION OF PLATE 10. 

All the figures in this plate represent the growth of the [w^rasites in the culture tube. 

Magnification 1600 diameteiu. 

Fig. 1 is a malignant tertian parasite at the time of inoculation of the culture tube. 
Corpuscle is aliruuken ; no pigment is soon, and no sttppling of the corpuscle. 

Fig. 2 repreHents 12 hours' growth at 36^ C. No pigment is yet visible. 

Fig. 3 represents 23 hours’ growth at 41** C. Pigment is not yet evident, but the 
jjaraflite has increased in size. 

Figs. 4 and 5 represent 36 Imurs’ growth ; note the appearance of a compact ma p s of 
pigment. Fig. 6 is a double parasite. 

Figs. 6 and 7 show commencing segmentation after 47 hours’ incubation. Fig. 6 shows 
5 daughter-cells, and fig. 7 20 spores. 

Figs. 8, 9, and 10 show sj>oru2atiug forms after 51 hours’ inculxifeion. 

Fig. 11 shows complete sporulation (32 spores) after 52 hours’ meubatAon. The containing 
corpuscle has bvirst and libeia-ted the spores. 

Fig. 12 was obtained alter 56 hours’ incubation* 

Fig. 13 I'epresents a young meroxoite of the second generation which has entered a new 
corpuscle, after 75 hours’ incubation ; note that there is no vacuole. The 
parasite is only 1‘5 p in its longest diameter. 

14 represents sporulation of the second generation after 3 days’ incubation. 

Fig* 15 shows a young mero^te of the thii4 generation after 4^ days’ incubation. 

Fig. 16 represents sporulation in the third generation after 6 days’ incubation ; only 
8 spores have formed. 

Fig. 17 is a young merozoite of the fourth generation after 7 days’ incubation. 
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Fi|^. IS. Eigh^ days' incubation, showitig csojumoncing aegiuentation in the fourth 
generation. 

Fig, 10. Nine <lay»* incubation, ahowiiig Hpoinilation in tlie fourth generation. 

Fig. 20 shows a young moroxoite of the fifth generation after 10 days' incubation. 

All of the al>ave figures were obtained from one culture tul>e, without the removal 
of leucocytes and without the addition of fresh serum or corpuscles. 

Fig. 21 shows a young benign tertian parasite at the time of inoculation of the culture 
tube. 

FigH. 22, 2a, and 24 rejireeent 8 hours* growth in culture tul>e at 39"" C. 

Figs. show pirasites obtained from the culture tuljo after 20-29 horn's’ inculjation. 
Fig. 30 is a female gamete (undivided chromatin and scattered pigment) found in the 
culture tube ; similar gametes were found in the blood at the time of inocula- 
tion of the cultures, so it is probabiti that this gamete was one of these, and 
that it hod not develoj>ed in the culture. 

Note the large size of the corpuscles in the benign tertian as compared with those in 
the malignant tertian, also the SchUfFneFs dots and the soattored pigment. The 
8].)ores also are larger and fewer in number in the ca«o of the benign tertian parasites. 


Cboonian Lectouk : ITie Oingin of Mmmmls. 

By Dr. Robert Broom. 

(Lecture delivered Juno 6, 191.1.) 

(Abstract.) 

Aw endeavour is made to trace tlie evolution of mammals from Cotylosaurian 
ancestors through the carnivorous Therapsida. In Upper Carboniferous times 
the line probably passed through some primitive generalised Pelycosaurs ; in 
Lower Permian through primitive, probably Therocephalian, Therapsids. In 
Middle and Upper Permian the line passed through the Gorgonopsio. In 
Triassic times the mammalian ancestors were small generalised Cynodonts, 
In Lower Jurassic the mammals are so Cynodont-like, and the Cynodonts so 
mammal-like, that in no single case are we absolutely certain which is 
which. 

In the Therobephalia, the Oorgonopsia, and the Cynodontia, the skull is 
very mammaHike. The zygomatic arch is, as in mammals, formed by the 
jugal and the squamosa}, The teetJi are divicted into incisors, canines and 
mdlarg. In the latet Gorgonopsians there is an imperfect secondary palate ; 
m Cynodonts a complete secondary palate as in mammals. In Permian 
Tfa«ra|)8id8 there is a single occipital condyle ; in the Triassic Cynodonts 
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thei'a may be a single condyle slightly divided or two exocdpital ootidyles* 
There ia, on passing from earlier to later types, a steady inoi'ease in the 
sixe of the dentory and decrease in the size of the other elements of the 
jaw. The quadrate also becomes mucli leduced in the higher types. In 
Gorgonopsiaus and probably all earlier types the arch of the atlaS is a 
pair of bones ; in Cynodonts, as in mammals, there is a single arch. 

It is argued that the small Gorgonopsians fed almost exclusively on the 
comparatively slow-moving, small, herbivorous Anomodonts, In the Trias 
the small Anomodonts became very rare, and the caniivotous Therapsids 
had to feed on otlmr small forms, apparently the more active lizard- 
like Cotylosanrs, such ProcoUyphm. The change of habit resulted in the 
Oynodontia. 

In Upper Triassic times the larger Cynodonts preyed upon the large 
Anomodont, Kannmneyvria, and carried on their existence so long as these 
AnomodontB survived, but died out with them about the end of the Trias 
or in Khff^tie times. The small Cynodonts, having neither small Anomodonts 
nor small Cotylosanrs to feed on, woro forced to hunt the very active longr, 
limbed Thecodonts. The greatly increasal activity brought about tli||| 
aeries of changes which formed the mammals — the flexible skin with hair,' ^ 
the four-chambered heart and warm blood, the loose jaw with teeth for 
mastication, an increased development of tactile^ sensation and a great 
increase of cerebrum. Not improbably the attacks of the newly-evolved 
Cyuodont or mammalian type brought about a corresponding evolution in 
the Pseudosuchian Theco<lonts which ultimately resulted in the formation 
of Dinosaurs and Birds. 


A Cam of Abnormal Trichromatic^ Colour Vision due to a Shift 
in the Speatr^im of the GreenSemation C'f/rve, 

By Sir W. m W. Abnkv, K.C.B., F.K,S., and W. Wa^i^on, D,Sc., F.R.S. 

(Received Jxme 13, — Eead^June 26, 1913.) 

[This paper is published in ‘ Proceedings/ Series A, vol 89, No, 610.] 
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The Trypanosomes causing Dowrine (Mai de Coit or 
Beschalseuche), 

By B. Buoku>ok, M.D., and Wakkington Yobke, M.D. 

(Communicated by Sir Ronald Roes, K.C.B., F.R.S, Received May 19, 1913.) 

(From the Euncorn Research Laboratory, Liverpool School of Tropical Medicine*) 

[Plate 1L] 

About the middle of the year 1910, whilst examining our laboratory strain 
of Trypanomvia equiperdum^ short parasites, certain of which exhibited a 
posterior displacement of the nucleus, were observed. This strain had been 
preserved at the lluncoru Laboratory by passage through experimental 
animals since 1907, when it was obtained from the Kaiserliches Glesund-* 
heitsamt, Berlin. As these posterior nuclear forms had not been described in 

equiperdmi we asked Prof. Schilling for further animals infected with this 
to which had been preserved by him. Examination of the parasites in 
these animals likewise revealed the presence of the posterior nuclear forms. 

Having satisfied ourselves that these forms are a constant feature of the 
strain, we published a short preliminary note* drawing attention to this fact. 

As previously T. equiperdum had always been described as a monomorphio 
parasite invariably furnished with a free flagellum, we decided to examine for 
ourselves various strains of this parasite preserved at the present time in the 
European laboratories. We were enabled to collect the following three strains 
of the trypanosome. 

!^>Tain A. — Berlin strain. This is our old laboratory strain. Prof. Schubei^ 
informs us that this was the trypanosome used by Uhlenhuth, Hubener, and 
Woithef in their experimental work on Dourine in 1908. These authors 
state that the virus was obtained from a horse suffering from Dourine brought 
over to Germany from Algiers for experimental purposes by the firm of 
Hagenbeok. The work of Solvin Moore and Breial,{ and others, on 
. r. egmperdtm, woe done with this strain. 

Stmin B,— Frankfurt strain. This starain was obtained in 1906 from 
Prof. Ehrlich. Unfortunately, no record of its origin is available, but 

* Yorke, W., and Blaoklook, B., >‘A Note on the Morphology of a Strain of equi* 
‘ Med. Journ.,’ August 81, 1918, 

t « ExperimentoUe Untersuchungen Uber Bourine,’’ ‘Arb. a, d. Kaisarl. Gesund./ 
1907, voL 27, p. S56. 

4 « life History of egatperdam/* * Roy, Soc* Proc.,* 1908, B, voL 80, p 2^6. 

VOL nxxxva-— B, * h 
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Ehrlich informs us that there is no doubt that he obtained it from a 
trustworthy source. 

Strain C. — East Prussian strain. This strain was supplied to us by the 
veterinary department of the Kaiserliches Gasundheitsamt. It is the virus 
responsible for the East Prussian outbreak of Beschalseuche in horses in 
1906. 

We have made a careful study of the morphology of each of these thw 
strains. For the sake of comparison the infection in rats and guinea-pigs has 
been observed in each case. On examining the blood of infected guinea-pigs 
we were at once impressed by the large number of short, aflagellar forms 
occurring in Strain A as compared with B and C. 

To give mathematical expression to this statement 20,000 individuals of 
each strain were examined regarding the presence or absence of a free 
flagellum. The examinations were conducted by observing from 200 to 1000 
individuals on different days of the infection in both rats and guinea-pigs. 

A glance at Table I will show that the impression — that Strain A is different 
from Strains B and 0 — conveyed by casual examination of blood films of 
guinea-pigs infected with each of these strains is correct, for whereas of the 
20,000 individuals observed in each strain, 1321 aflagellar and spicule* forms 
were encountered in Strain A, only 18 and 86 similar forms were seen in 


Table I — Showing the Number of Parasites of Various Types encountered in 
20,000 of each of the Three Strains. 


Stmin. 

Animal. 

Number 

obaerved. 

Forms 
with free 
flagellum. 

Aflagellar 

forms. 

Bpioule forms or 
fonaoM with rety 
short flagellum. 

Posterior 
nuolear j 
forms. 

A 

Guinea-pix ... 

JO, 000 

a, 814 

878 

808 

' 

882 


Kat 

10,000 

9,S66 

80 

m 

m 

] 

Total . 

90,000 

I8.«7e 

408 

918 

460 

i 

! ® 

Guinea-pig ... 

10,000 

0,886 

0 

14 

I ^ 

f ! 

Bat 

J0,000 1 

0,996 

1 

' ^ 

■ ^ 

! 

Total ... 

S0/)00 

19,080 

1 

17 

0 

0 

Guiu<*a-pig 

i 10,000 

9,918 

02 

60 

0 


Bat 

10,000 

9,996 

0 

4. ’ 

0 


Total,.. 

20,000 

19,914 

20 

64 

0 


* By these forma wo mean parasitea in which the ftagellma i» free to the extent df 
about or Jea«. 
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Stuuins B and C reapeotively. It is to be observed that tibia distinction 
between the strains is much more clearly brought out by an examinatifm ol 
guinea>pigs than of rots. 

Applying the present method of olassiiioaticm, this morpholc^oal distinction 
is at once sultioient to differentiate Strain A from the others. If we adopt 
Laveran’s recent scheme for the olsssifioation of pathogenic trypanosomes, 
Strain A belongs to Group 3 (in which certain individuals have a free flagellum, 
whilst others have not), whereas Strains B and C must be classed amongst the 
trypanosomes forming Group 1 (those in which all the individuals have a free 
flagellum). 

Moreover, there is a further morphological peculiarity by which Strain A 
is differentiated from Strains B and C. As is described in onr previous 
paper {loc. cit.), certain of the short forms of the former strain exhibit a 
posterior nucleus. The phenomenon, so far as we have been able to ascertain, 
is limited to this strain and does not occur in either of the other two. 

Having satisfied ourselves that Strain A was morphologically distinct from 
Strains B and C, we examined more minutely the morphology of the two 
latter strains with a view to ascertaining whether these are different one from 
the other or whether they are identical. 

Attention haB.already been called to the fact that in both the strains long 
free flagellated forms constitute the vast m^ority of the parasites encountered. 
There is, however, a point to which we must refer. In the East Prussian 
strain the cytoplasm is continued in many individuals a considerable distance 
along the flagellum, so that even the longest forms encountered have 
fi%q,uently a comparatively short portion of flagellum free. Most of the 
aflogellar or spicule forms in this strain are not “short stumpy” forms 
properly speaking, but medium or even long forms in which the cytoplasm is 
carried aloug the flagellum. A few short forms, concerning certain of which 
some doubt existed as to whether or not there was a free flagellum, spicule 
forms, were met with in both strains B and C. These, however, may be 
neglected, as at least an equal number of short forms with a questionable free 
flagellum is seen in T. evansi, which is recognised as the type of the 
ttypanoBomes oonstituting Group 1 in Laveran’s classification. 

In Tkble II are given the dimensions of the trypanosomes of each of the 
three strains in rats and guinea-pigs. But little assistaime in the differentia- 
tion of the strains is to be obtained from these figures. It is to be noted that 
in each case the average ditnensions of the parasites in the rat are greater than 
those of the same strain in guinea-pigs. This differenoe, which is hut slight 
in Strains B and 0, is more marked in the case of Strain A. 
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Table II.— Oiving the Maximum, Mmimum, and Ayextifga Lengths of ea^ of 

the Three Strains. 


Stmn. 

Animal. 

Number 
of indiTiduals 
moasured. 

Maximum 

length. 

Miniminn 

length. 


A 

Rut 

600 

88*0 

16*0 

88*9 


0ui]iea-pig 

600 

86 ‘5 

14*6 

28*7 


Total 

1000 

80-0 

14*6 

86*8 

B 

Bat 

260 

86*0 

16 *6 

27 *7 


1 (^uitiea-pig 

260 

84-0 

16*6 

26-8 


Total 

600 

86*0 

1 

16 -6 

87*0 

0 

Rat 

260 

88*0 

17 *6 

26*8 


O-uiuea^pig 

260 

82*0 

18 *0 

24 *8 


Total 

600 

83 0 

17 *6 

26-2 


A survey of the curves obtained by plotting out in percentages the various 
lengths of trypanosomes encountered in each of the three strains is of interest 
It will be observed that in the case of rats the curves of each of the strains 
correspond fairly closely. They are those of monomorphic trypanosomes, the 
m ain peak in Strains A and G being at 27, whilst in Strain B it is found at 
2dft,. A striking difference, however, is to be observed in the graphs com* 
piled from the measurement of the parasites in guinea-pigs, for whereas in 
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Strains B and 0 the curves are again those of mooomorphio trypanosomea 
and correspond closely to those obtained from the rate, in Strain A the 
curve has two widely separated main peaks, one oceurrii^ at 17-19^ 
and the other at 25-27/a, and is typically that of a dimorphic parasite. 
Apart then from the slightly greater average length of Strain B and the 
prolongation of the cytoplasm along the flagellum in Strain C noted above, 
we have been unable to discover any character which enables ns to 
distinguish these two strains. Both, however, are difierentiated from 
Strain A by the presence in the latter of posterior nuclear forms and by 
the occurrence of typical “short stiunpy” forms. These distinctive points 
are more readily brought out by a study of the infections in guinea-pigs than 
in rats. 


Table III. — Percentage of Short, Intermediate, and Long Forms in each of 

the Three Strains. 


Strain. 

' 

Animal. 

Short and stumpyi 
U-SlAt. 

Intermediate, 

22^24 

25-86 M. 

A 

Bat 

10-0 

13 *4 

7e-« 


0umda*pig 

86 '8 

16*2 

49*0 


Total 

28*9 

14*8 

62*8 

B 

Bat 

6-2 

18 0 

81-2 


0uiiida.pig ! 

7-2 

20*4 

72 '4 


' Total 

6-2 

17*0 

76 -8 

0 

Bat 

10*4 

24*4 

66*2 


0uinen*pig 

14*8 

81*2 

64*0 


Total 

12*6 

27-8 

69'0 


In view of these facts we must reconsider the nomenclature of the parasites 
and decide which of them corresponds with the type to which the name 
T. equiperdum was given. In order to determine this point it is necessary to 
refer to the literature of the subject 

In 1895, Kouget* described a trypanosome in the blood of an Algerian 
horse which was suflering from Doorine. Bouget succeeded in infecting a 
number of laboratory animals with the parewite, but, unfortunately, tiie 
strain was lost shortly afterwards. Three years later {1899) Schneider and 

* “Contribution M’i^tude du Trypanottome des Mammiftrea,” ' Anaale* 4e I’lastitut 
Paiteur,’ 1896, vol. 10, p. 716. 
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BttSird* I'diind ft tryixiaoBome in two iUgerisn horses and an aes whioh 
had Dourine. They succeeded in reprodnoing Douriae in a horse experi- 
mentally after passage of the virus through a dc^. This work ’ was 
Subsequently confirmed by Nocard.t 

I)ofiein4 in his book on the parasitic protozoa, 1901, refers briefly to 
Bouget’s description of the disease and to the morphology and pathogenicity 
of the parasite. The photographs illustrating Doflein’s article are apparently 
reproductions of Eouget’s original plates. Beferenoe is made to Nocard’s 
work on the transmission of the disease by coitus, and ^so to the fact that 
he believed the parasite to be identical with those causing Nagana and Surra. 
Since, however, the disease was spread by coitus and the trypanosome failed 
to infect ruminants, Dofieiii considered that the parasite described by Bouget 
was distinct from those causing Nagana and Surra and gave to it the name 
T. equiperdvm. It appears, therefore, that five years after the strain was 
lost Doflein named the parasite purely on the description of the trypano- 
some given by Bouget. llouget’s account of the morphology of the parasite 
must then be regarded as the authentic description of T. equiperdum. 
Unfortunately, in Kouget’a original paper {loe. cit.) the account of the 
morphology of the trypanosome is rather v^ue. Its length is given as 
18-26/a and its breadth as 2-2 5/1. The parasite is described as terminating 
in a free flagellum which forms about a fourth of the total length of the 
creature. 

All subsequent authors agree that T. eqmjKrdum. is a monomorphic parasite 
in which all forms are ftiniisbed with a free flagellum. The Frankfurt and 
the East Prussian strains conform to tliis description. The strain brought, 
from Algiers by Hagen beck and maintained at Berlin and here, under the 
name T. equiperdrim, differs in important particulars from the classical 
description of T, equiperdum, and from the other . strains we have examined. 
We must oouolade, therefore, that the symptom-complex of the disease 
clinically known as Dourine can be produced by more than one species of 
trypanosome. 

It is important to record that we are unable to distinguish morphologically 
the parasite of Hagenbeok’s Dourine horse from T. r/u>deaiense, T. peeattdi, or 
T. ugwttdm (T. hmcei of Uganda). Nevertheless, we hesitate to suggest that 
it is identioal with any, or all, of these, in view of the fact that it produced 
in a horse symptoihB dinioally known as Dourine. That a trypanosome 


* “ lie Trypanosome de la Dourine," ‘ Arohive* de Parasltologio,’ 1900, vol, 3, p. 124. 
f “ But lee Bappbrte qui ezietent entre la Doorine et le Surra ou le Nagana," ' Cbmpt. 
Bead. Soo. Bioi.rI^^^ 

I ' Die Frotozoen ale Faraftiten uod Erankheiteerreger,' And, I, p. 6^ iTena. ' 
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4iQKmgBt botses by ooituA is of considerable interest We are at pteieirt" 
eo^uoting experiments with a view to ascertaining whether tb<^ 
strains, all of them obtained from horses suffering from "nwd de oo5tt,'Vate8® 
capable, after numerous passages through laboratory animals extending over 
many years, of being transmitted in eqtiines by coitus, For the present, we 
propose for this rAodmenss-like trypanosome the name T. equi. 


DESORIPTION OF FLATR 

Drawn with Abb6 camera luoida, using 3 mm. apoohi'omatio objective and No, 13 
eompensating ocular (Zeiss). Magnifi cation 3000 diameters. 

Figs. 1- a— Strain A {Berlin Strain), 

Figs. 7-10. — Strain B (Frankfurt Strain). 

Figs. 11-14.— Strain C (East Prussian Strain). 


Studies in the Meat-production Associated with Mueoular 
Work. {Freliminofiry Comrmm,cation : Section A.— Methods ; 
Section B, — Results.) 

By J. S. Macdonald, University of ShefEeld. 

(Communicated by Prof. C. S. Sherrington, F.B.S. Beorivad June U,— Bead 

June 26, 1918.) 

Section A. — Method.. y. 

The calorimeter with which the included data have been obtained was 
built upon the plan described by Benedict,* omitting, however, such parts as 
were essential rather to a study of the respiratory gases Cun to measure* 
ments of heat-production. The general principles of its construction are 
well known, exceedingly ingenious, were developed by Atwater and Benediot, 
and are briefly as follows; The body of the calorimeter is of sheet copper 
built upon an external wooden framework, on winch again is built externa^ 
an outer zinc box enclosing, but nowh^in .eontact with, the oalorimetw box 
proper. Between the two metal boaS^ eejat Jef thermocouples arranged in 
groups are utilised to discover any diflfe«»oee o^ temperature likely to lead 
to a radiation of heat from one box to the across the intervening «»? 
space partially occupied by the wooden Itaihewprk. In the w»11b bf > 

* ' A Bcpuation CJalorimcter, etc.,’ publuhed by^^ Instittttioa of 

;'WMbingtou, 1900. 
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tttore external wooden shell are placed means by which heat may be added to 
<ir subtracted from the zinc box in a graduated fashion so as to annul any 
such observed differences in temperature. Thus the zinc box is kept in each 
of its several zones, each zone corresponding to a group of thermocouples, at 
the same temperature as the copper box, and the thermal insulation of the 
oalorimeter is thus insured. 

The subject of the experiment enters the calorimeter by a window space 
left in the walls of this nest of boxes, and is then sealed in by glass and 
wax. The heat produced in his body, as well as the heat into which all his 
mechanical work is finally converted, raises the temperature (1) of on 
insulated radiator system through which a steady stream of water is main- 
tained ; (2) of the calorimeter box ; (3) causes some evaporation of water 
from his respiratory passages and skin, and (4) tends to xaise his own 
temperature. Each one of these four stores of heat is observed in suitable 
ways, and the summed account of their alteiutions provides a measure of the 
heat-production of, or total traiiBformation of energy in, the subject. 

Now, although the main principles of construction are the same as those of 
the original calorimeter in the Middletown University, I have altered many 
small details, in part for the sake of economy, in part for convenience, and in 
some small degi’ee with a view to improvement Most of these I liope to 
describe briefly in a more extended communication ; to one alone, as some- 
what modifying the usage of the instrument, I refer at present. This 
modification oonsists in the introduction of a source of heat other than the 
man, in some cases adding substantially to the total heat-priMiuotiou. The 
main reason for this change in procedure was a desire to follow the progress 
of changes in the heat-production of the subject more closely tlian was 
possible with the original arrangement 

Whilst endeavouring to follow the events of shorter periods of time, 
complete observations every 6 minutes, it was soon found that of the 
four stores into which the heat j^roduced by the subject was delivered, one 
alone, the temperature of the calorimeter, had a sufficiently elastic capacity 
to follow abrupt changes. Associated, however, with the possession of this 
advantage was the failing that, thus abruptly changed, it tended to form 
a similarly abruptly changing site of heat leakage, unless rapidly checked by 
adequate and almost simultaneous adjustments in the temperature of its 
environment, that is of the enclosing zinc box. On this oeootmt it is 
necessary that modifications in heat-production must be kept well within the 
limits of adjustment of this process, which by the way may conveniently be 
terined the balancing of the oalorimeter. It is only when sucfh limits are 
not tran^ressed that any reliance can be placed upon the value of such 
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ootreotions for changes in the temperature of the calorimeter as may be 
ascertained by appropriate calibration experiments. I have therefore placed 
five incandescent lamps within the calorimeter, reading the power absorbed 
by them by means of a wattmeter, and changing this value by means of 
suitable resistances. In such a way it is possible to compensate alterations 
in the heat-pn>duotion of the subject, and to dispense with the necessity for 
any but the smallest adjustments in the balance of the csalorimetet. It is 
clear that such a process of oom}>en8ation may be managed with greater 
abruptness and precision than complicated modifications in the balance, using 
the constantly observed temperature of the calorimeter as an index of success 
or failure. 

In addition to the subject and these lamps two other sources of heat have 
been present witliin the calorimeter diiring these experiments. Thus, in the 
first place, there is the power-absorption of electromagnets forming i^rt of 
an electrical brake applied to the cyole-ergometer upon which the subject 
performs definite amounts of mechanical work, and this is followed by a 
voltmeU^r and ammeter arranged in this circuit. Two such electromagnets 
placed in separate positions each environ a part of the path traversed by the 
perii>hery of a copper disc by which the hind wheel of the cycle lias been 
replaced. Benedict has recently described the calibration of such an 
instrument provided with a single electromagnet and with a thicker copper 
disc. He is fortunate in possessing in this machine an instrument in which^ 
at a certain useful revolution rate, small changes of speed occasion directly 
proportionate variations in the amount of mechanical work performed. This 
useful property has been found by Benedict and Cody to be attributable to the 
reaction of the eddy-currents in the copper disc upon the value of the 
electromagnet exciting their presence, and is dependent upon the dimensions 
of the poles of the magnet and upon the thickness of the copper disc and its 
resistance. I am not so fortunate, and the mechanical work performed on my 
cycle varies more rapidly, rising with the square of the revolution rate. In 
this case it should be noted that the maintenance of a uniform speed is of 
greater importance. 

To return to the sources of heat within the calorimeter, I have in the 
second place to mention the power-absorption due to a fairly powerful fan 
placed within the calorimeter and maintaining there the conditions of a 
moderate breeze. Here again a voltmeter and ammeter are used to aaaeea the 
heat-productiou due to this source. This value added to that due to the 
brake and to that due to the incandescent lamps provide a subtraction ” 
which has to be taken from the total heat measured at any time before the 
heat-production of the subject is known. 
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Now 1 am aware of the fact tliat each of these additional aouroea of heat is 
also au additional source of error, subtracting to some degree from the 
theoretioal precision of the instrument and diiuiniahing its value as ganged 
by the measurement of any standard source of heat. In the practical usage 
of the instrument as apph'ed to varying sources of heat they have a great 
value, which, in my opinion, fully justifies their insertion. Of the value of 
the lamps I have already spoken. The fan is used to keep the air inside the 
calorimeter in a state of satisfactoiy admixture, so that samples withdrawn 
from it in the general air-current are given a value in reference to the general 
air within the calorimeter of a simple and easily determined kind, and may 
thus be used to estimate changes in the value of this air. In these particular 
experiments this point is only of importance in dealing with the storage of 
aqueous vapour within the calorimeter. 

Air is made to enter the calorimeter through a tube guarded by thermo- 
couples, a connected set being placed in the exit tube. Thus any difference 
between the temperature of the entering and leaving air is known. Means 
for warming the entering air are provided, but I have not so far made any 
arrangements for cooling it when necessary. The adjustment of these 
temperatures has not then always been as good as might be, but they are also 
observed by means of mercurial thermometers and any observed difference 
allowed for. 

Air is sucked out of the calorimeter by a rotary pump at a measured rate, 
varying in these experiments from 300 to 450 cubic feet per hour. In the tube 
forming the path of the leaving air, and in the similar tube for the entering 
air, a dilatation is provided in the form of an interpolated glass box. In 
these glass boxes “ wet and dry bulb ’’ thermometers are placed, the stems 
outside for observation, so that an estimate may be formed of the excess 
aqueous vapour derived from the oalorimeter. In my earlier experiments the 
water-vapour was weighed after absorption by sulphuric acid, or rather a 
fraction obtained from a section of the air-path was thus treated, but this 
plan was abandoned after comparative trial, mainly as not lending itself so 
well to the observation of five-minute periods of heat-production. Here 
perhaps the interests of absolute precision have apparently suffered from the 
desire to study the events of shorter periods of time. 

Much more important than this path of heat escape with the aqueous 
vapour of the air current is the main path which issues alcmg the stream erf 
water from the internal radiator system. This radiator system, originally 
distributed along the line of j unction of the walls and roof of the oalorimeter, 
I have extended so as to be oo-extonsive with the roerf of the calorimeter, 
beneath wluoh it is suspended in an insulated fashion. The entering water is 
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driven to it from a constact-pressure supply through ccnls of tubing situated 
in ice-filled tanks, and arrives at a temperature sometunes less, somethnee 
greater, than 5° C. It passes out into a balanoe, such as that described by 
Benedict. This balance is duplicate, and automatic arrangements provide 
that the filling of the collecting pan suspended from one beam shall imme^ 
diately be followed by admission of the stream of water into the simUar 
collecting pan suspended from the second beam. The change over is made 
known by the ringing of an electric bell, and the weight then ascertained by 
the observer thus warned. Thus, this is the only set of readings which is not 
arranged in five-minute periods, and average rates of flow have to be 
accepted for each of the included five-minute periods. The intervals of 
such readings have varied from 12 to 20 minutes. 

The remaining readings are taken by theobserver every time warning is given 
by a bell attached to a five-minutes clock, in order somewhat as follows i-— 

{a) The wet and dry bulbs in the entering and leaving air. 

(b) The thermometers in the entering and leaving water. 

(c) The resistance of some 670 ohms of iron wire arranged on a series of 
coils within the calorimeter, by means of which its temperature is assessed. 

(d) The number of revolutions of the cycle as read upon a cyclometer 
driven by an electromagnet from contacts on the cycle. 

(e) The watts due to the lamps (wattmeter). 

(/) Yoltmeters and ammeters connected with the circuits of the fan and 
of the cycle-brake. 

(g) The surface temperature ; and 

(A) the rectal temperature of the subject, as evidenced by galvanmnetrio 
deflections due to suitable thermocouples. 

(i) The temperature of an incubator in which are placed the “ constant 
temperature junctions ” of these thermoconples. 

The data collected in this way have been dealt witir on a uniform plan 
throughout the whole series of experiments here included. The only details 
of this plan which perhaps should be dealt with briefly here are (1) the 
means of applying the correction fmr the temperature of the calorimeter, 
and (2) for estimating the storage value of the air space in the calorimeter. 

By suitable calibration experiments it has been found that an alteration of 
O'Ol ohm in the resistance of the calorimeter “ thermometer ” is equivalent 
to an addition, or subtraction, of 1/6 kilo-calorie (or kalorie, as written 
elsewhere in this paper). Now, in making np my accounts, I have expressed 
all the results in rates of change per hour, so that a djange of this value 
observed in a flve-minutes period (1/6 kalorie gained or lost in five 
sunutes) is expressed as a change of 2 kalories per hour in the rate of hrat- 
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prMuction. MeasarementB of the resistance of a eample of the iron wire 
used in the construction of the calorimeter " thermometer were carefnllf 
undertaken by Dr. Chapman, to whom, in the earlier stages of the con* 
struction and calibration of the calorimeter, 1 am indebted for a considerable 
amount of help. It was then found that a change of C. in the 
temperature of this wire was accompanied by a change in the resistance 
such as, applied to the amount of wire in the calorimeter, would corre- 
spond with a change of 2’5i ohms in resistance ; and this, seeing that 
OH)! ohm involves a change of 1/6 kalorie, would involve a change of 
42‘3 kalories. Thus the thermal “water equivalent” of the calorimeter 
would seem to have the high value of 42‘3 litres. 

As to the storage space within the calorimeter, that is a figure which, for 
the present, is of much less importance, since the data given are taken from a 
time of work-performance when such storage is practically at an end. The 
storage space is, as we have found, less than the total internal air space. This 
fact has been eisoertaiued by my assistant, Dr. Duffield, in calibration 
experiments, in which carbonic acid was delivered into the calorimeter at 
a definite rate, and comparison was made between this rate of entrance 
and its observed rate of departure in the air current. These experiments 
are in progress and will be described later by Dr. Duffield. In the mean- 
time, for the purposes of this communication, I have taken the storage 
space as less than the total space by a quantity equivalent to that of the 
air entering over a single five-minute period. It is probable that later I 
may have to increase this subtraction, but the relative unimportance of the 
point may be judged from the values given below. These are the average 
figures provided by the set of experiments described as “ Group D ” in the 
next section, and from them it is possible to see how small the figures for 
the storage of aqueous vapour are, and how little their modification will 


mean when the “ storage space ” is better known. 

Data from Group D (see p. 109). wni., 

(I) Heat carried away by the water-stream 303 

(II) Heat carried away with the aqueous vapour of the air-stream... 28 

(III) Heat stored in the water-vapour of the calorimeter 2 

(IV) Heat stored in the walls of the calorimeter (calorimeter tem- 

perature) - 10 

(V) Allowed for diffinehoe between the temperatures of theentering 

and leaving air 1 

Cyi) Allowed lot change in the rectal temperature of the subject ... 2 

Heat production 346 
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The ataff at work upon the calorimeter in most of my earlier experiments 
ootiBisted of two men ; later, and in the whole of the experiments to wMch 
reference is made hei'e, of three men* 1 must mention in the first place my 
laboratory assistant, Mr. A. Wallis, who has been a most valuable aid in the 
construction of the calorimeter and in the design and oonstructaon of 
accessory apparatus. In these experiments he has been responsible 
tliroughout for the balance of the calorimeter surface, and has kept records 
of the currents due to the various sets of thermocouples of very considerable 
importance to a discussion of the data. In the second place the observer, 
assisted by a note-taker, who recorded the observations as they were made 
and immediately dictated. At the present time this staff is increased by 
Dr. Duffield, who is now responsible for the gas^analysis side of the 
investigation. If I may forestall one of his measurements here, it is to 
record the fact tliat the air space of the calorimeter is 176 cubic feet. To 
obtain this measurement carbonic acid gas was delivered into the calorimeter, 
the enclosed atmosphere then thoroughly mixed by the fan, and its percentage 
content of GOa obtained from a sample. The rotary pump was then started, 
and the total amount of the gas ascertained as it was gradually withdrawn 
with the air current. The figure agrees very closely with that obtained by 
measurements of the average length, width, and depth of the calorimeter, 
but is of value because of uncertainty due to irregularities in the walls and 
because of a subtraction made necessary by the presence of the radiator 
system, etc. 

A most important part of the method has been the securing of finanoial 
assistance, and in this oonneotiou 1 owe much to the British Association* 

SecHon B, — Bemlts. 

The accompanying figure may serve to illustrate my need for considering 
the results of these experiments under two headings : (1) the events of the 
first hour of cycling ; (2) the events of the second houi’. Fig, A represents 
an average of data obtained in 24 separate experiments upon E. J. Briacoe 
at various known revolution rates of the cycle, and with various known 
values of the electrical brake, covering the whole range of work^performauoe 
upon the cycle which he could maintain uniformly for the required length 
of time. The lowermost curve in the figure is that of the heat-produotton ; 
the middle curve gives liis surface temperature; the uppermost is the rectal 
temperature. Fig. B is the average curve of such of these experiments-^ 
14 in number — as are below the general average of the full series. Pig, 0 
is the average curve of the 10 experiments which lie above the general 
average of heat-production. 
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In each figure the different curves of each set (A, C) have the ssnte 
ineatiing. Thus the lowermost always represents the hest>prodaction, etc. 
Their examination will show that the experiments have been balanced so as 
to yield a general average such that in it the rectal temperature is 
practically uniform throughout, and is represented by what is almost a 
straight line (fig. A). It follows, therefore, that the underlying curve of heat- 



production is practically devoid of any corrections due to alterations in the 
temperature of the subject. Nor will any modification in my system for 
dealing with such corrections, nor any new and quite different system, affect 
this fact, so long as such systems are based upon observations of the rectal 
temperature. Now the importance of this point is this, that the curve of 
heat-production is seen gradually rising towards a maximum. Thus although 
mechanical work was being performed at a uniform rate throughout each 
experiment, and, therefore, at an average uniform rate throughout the whole 
series of experiments, it would appear that the " heat-production ” or total 
amount of ener^ transformed which was associated with its performance 
vtsa not uniform, but that it increased during the progress of work 
:|^ri!ormanoe. There is, however, no confirmative evidence as to any 
state of affsdrs like this obtainable from investigations of the primary 
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ohemioal changes underlying this transformation of energy. Hus » tone of 
such experiments in general, and in this particular case has bemr found to 
be true by Dr. Duffleld, investigating the carbonic output in similar experl* 
ments in the calorimeter. There is little doubt that the curve of trans* 
formation of chemical enei'gy has a much greater parallelism to that of work 
performance, and would, therefore, in this case be represented Iqr a straight 
line. It follows then that my experimental curve of “ heat-produotioa ” has 
only a secondary relation to the real curve of transformation of energy, and 
that I am losing sight of some part of the energy transformed, large at 
first, but subseijuently diminishing. I find myself therefore obliged in dealing 
with the events of the first hour to consider the following possibilities ; — 

A. That a storage of heat in the disc of the cycle, representing some large 
fraction of the mechanical work done, is of great importance, and has beetk 
neglected. 

B. That there is a storage of heat within the subject, as, for instance, 
within his musculature, to which the rectal temperature is no adequate index. 

C. That some of the energy transformed in the oxidation processes 
accompanying the performance of work is stored in the body in some fonn 
other than heat. 

Now, the first of these possibilities, dealing with the rising temperature of 
the copper disc of the cycle, is certainly a source of some error. It cannot, 
however, be considered as a source of errors of the magnitude present in this 
case, since at the most it could hardly account for more beat than is due to 
the conversion of the mechanical work performed, and this value is no more 
than a small fraction of the missing quantity. Obviously again, the third, 
and extremely interesting, possibility is best left on one side until the 
second one is adequately considered, neunely, that under working conditions 
the rectal temperature fails to represent the real average temperature of the 
body. It has been noted that, during conditions of rest, the rectal tern* 
perature may be taken as an index to variations in the real average 
temperature, even if it is not on absolutely the same level as that average 
tem]:>erature, since the variations in the two are probably similar. Thus, it 
has been observed that temperature observations taken under such conditions 
at several different sites {e.g. skin and rectum) give parallel curves. In this 
case there is no such parallelism, as may he seen from the curves of rectal 
(uppennost) and surface (middle) given in the figures. 

It is, indeed, probably the case that the rectal temperatore represents no 
more than the mean temperature of the mixed blood sent from the heart to 
one part of the general circulatory system, a particulu* part in which, owing 
to an absence of mnch local performance of work, (his mean temperature i$ 
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oniy slightly changed, so tlmt the mean temperature of the gut is much the 
same as that of the arterial blood entering it or of the venous blood leaving 
it The mixed blood that is sent from the heart, however, may simply, and 
for the moment, be thought of os blood from the cooling district of the skin 
plus blood from the warm district of the musculature, and, whereas the 
blood from the skin may fairly represent the temperature of the mass that it 
traverses there, it is not at once obvious that the blood returning from the 
great bulk of the skeletal musculature, although of a quantity sufficient to 
cojie with the demands of a greatly increased oxygen-transport, should at 
the same time be so increased as to keep the musculature at a temperature 
only slightly greater than its owm The rectal temperatui^e may conceivably 
fail iinder such circumstances as an index of the average temperature 
because the muscles are not represented in their proj)er proportionate value. 
However, these are the difflcxilties of dealing with the events of the first 
hour of cycling, and I projxjse to leave them on one side for the present, 
until in a more extended form of publication I can deal with the details of 
correctitma for the temperature of the calorimeter and of the other measure- 
ments which add to fom this picture. We shall therefore im.m at once to a 
consideration of the events of the second hour. 

The Second Eov/r of Cycling. 

In each of the exi^eiiinents represented by the data given subsequently 
the subject entered the calorimeter, and having been sealed in, remained 
seated until the telanoe of the surface of the calorimeter was well under 
control He was then signalled to seat himself on the cycle, and at a second 
signal started to cycle at a fixed rate of 60 revolutions ])er minute. Outside 
the calorimeter window an incandescent lamp was made to glow 60 times 
a minute by the establishment of short-lasting contacts, one per second, by 
a seoonds-olock, and it was the cyclist's dtity to keep pace. His performance 
waa watched by the cyclometer, and he was informed if the variations in his 
pace were noticeable. As a general rule, however, the rate was excellently 
maintained, and I owe many thanks to my long-suflfering subjects, who 
pedalled away in tliis monotonous fashion in each cose for a period of 
two hours. 

The values of the electrical brake were originally arranged so m to 
separate the experiments into two groups. In one group the work done 
upon the cycle was to be maintained at a value of 13 kalones per hour; in 
the nmmA group at a greater value, 43 fcalories. These values were obtain- 
aMe by the nswuntenaiioe of the 60-per-minute levolution rate in each case 
And ^ atedh^ the one case a current of 1 ampke and in the other of 
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S'l amperes through the electromagaete of tihe oyele, as was knowa ftcaa the 
results of calibration experiments most kindly .performed for me in the 
Electrical Engineering Department of the University by Mr. Biesett^ under 
the supervision of Mr. Crapper, to both of whom I am greatly indebted. 

When a considerable number of such experiments bad been performed 
with results all placed within certain limits of the scale of possible beat> 
production I was suddenly introduced to two simultaneous phenomena, 
<fl) the ammeter connected with the circuit of the cycle brake, although 
mainly presetting an appearance of carrying the required currents, yet 
showed sudden intermissions during which the current evidently fell in 
value for short periods of time that seemed to be assooiated with some 
regular phase in the x-evolution of the cycle, and (b) that my experimental 
results now began to occupy new regions in the scale of possible heat- 
production. An examination of the electromagnets of the cycle-brake 
revealed a wire insecurely held within a soldered joint in such a fashion 
that the total resistance of the joint must have been verj' variable. 

This fact is my quite sufficient excuse for omitting this particular group 
of experimental results. It also involved the complete rewinding of the 
electromagnet, since the fractured wire was buried by other coils, and there- 
fore very inaccessible. I was thus involved in further consequences since 
I was obliged to recalibrate the cycle-brake within the laboratory. Two 
sets of calibration experiments were performed, (1) with 1 ampbre, and 
(21 with 21 ampbres in the altered brake. I now, however, found myself in 
each of these cases possessed of a more powerful brake than before, and 
rather than spend further time in discovering the particular values of 
current which would give precisely the same brake-power as formerly 
I proceeded to perform two new groups of experiments, in one group 
19 kalories being the measure of the mechanical work performed per hour, 
and in the other case 66 kalories. I have therefore now to deal with four 
groups of experiments, and from the results it might perhaps appear that 
this is an advantage rather than a misfortune. 

Before detailing these results I ^ould make some mention of the fact that 
in addition to omitting a certain group of experiments previously referred 
to, there are some others which I have deliberately omitted from my list. In 
the first place, one of my subjects, a laboratory boy, Armstrong, promised to 
be of great advantage because of his smaller weight of 44 kgrm.) thus 
oooupyiug a different region of the scale of weights th*« most of my otlier 
subjects. He had, however, no experience of cycling, and was tbQB, inmy 
opinion, most handicapped in the experiments with only.a tdight reeietanoe'ha 
fdfe brake. Given plenty of work to do on such a treacbi^U' fhe best why of 
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performing it i« soon disoovered and adhered to when found, but with the 
fioanty work of the light brake many needless additional movements may be 
performed without much personal inconvenience. On this ground I have 
omitted his earlier experiments, which were of this kind. Now on similar 
grounds, namely, that excessive movements were seen and commented upon 
at the time, I have omitted two experiments with the lightest brake per- 
formed by two other individuals. In both cases the appearances were so 
marked that these subjects were requested to provide me with another 
opportunity, and were kind enough to grant this, One of these repetitions, 
however, fell unfortunately in the period of ambiguity of the brake, the other 
coincides with the time of the altered brake and is recorded there. 

With these exceptions all the experiments of this type performed since 
October, 1912, are summarised in the data given. Those experiments which 
are quoted from an earlier date than this are selections satisfying the 
conditions adhered to this year during this whole series of experiments, and 
are taken from a time when I was experimenting with various revolution 
rates and brakes as well as with modifications in handling the calorimeter. 
As a matter of fact this process of selection has involved the exclusion of 
only two experiments from amongst those which might liave been available ; 
one because the cycling was not continued sufficiently into the second hour 
and the other because of a quite unusual difibrence between the temperature 
of the entering and leaving air and between the temperature of the 
laboratory and that of the calorimeter. In no case except that of Armstrong 
would the inclusion of these exj^eriments have altered the general character 
of the results obtained. 


Oroup A. — Experiments in which a maiutaiued rate of 60 revolutions per 
minute woidd have involved tlie performance of meclianical work on the 
cycle at the rate of 13 kalories i)er hour (approximately 0*02 horse-power). 



Pate. 

Weight.* 

BeTolutioDB 
per xnmute. 

Nfaxue. 

Heat produo* 
tion, in kalories 
per hour. 

I 

19X3. 

Kov. 18 

kgrm. 

54 '6 

89*4 1 

Bennet 

160 

II 

» 18 

56*8 

60 U 

Ward 

181 

ra 

» 91 

06*7 

60-1 

Shamvd 

309 

ly 

May 33 

66-7 

60*7 

Briscoe 

169 

V 

» 26 

61 ‘8 1 

59 7 

Chapman 1 

184 

yi 

» 80 

63*0 1 

60 *8 

Puftay 

180 


hemt produotion 163 kaloHes pst hour. 
Maxhnftl abermtions from ibia areraoe | -18 ^ ^ 

^ AU woighto given were taken wi<^ the inbjeote stripped. 


I 2 
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Group B, — ^ExperimentB in which a msdntained rate of 60 rerolutiotui jwr 
minute would have involved the performance of mechanical work on tiie 
cycle at the rate of 19 kalories per hour (approximately 0‘03 horse-power). 



Bate, 

Weight 

BeTolutions 
per minute. 

Kame. 

Heat produc- 
tion, in kaloHee 
per hour. 


1918, 

Jau> 28 

kgrm. 

54 >6 

60 

Beimet 

205 


„ 29 

64-6 

60 

tt 

190 


Feb, 4 

64 '6 

60 


202 


» » 

54 '6 

60 

1) 

182 


„ 6 

64-6 

60 ! 

ft 

186 

I 


54*6 

60 

Ayerage of 

198 

II 

Feb. 17 

62 1 

59*8 

Bennet 

Kemp 

218 

III 

March 3 

60*3 

! 60 

Ghimm 

197 

IV 

» 4 

60*5 

00 

Bae 

212 

V 

„ 5 

48*7 

1 60 

Armstrong 

177 


Arerage of I, II, III, IT, V, 100 la{orie« per hour. 
Maximal aherrafcioos .q 


Group C, — Experiments in wliich a maintained rate of 60 revolutions per 
minute would liave involved the performance of mechanical work on the 
cycle at the rate of 43 kalories i>er hour (approximately 0*07 horse-power). 



Bate. 

Weight, 

Berolutiont 
per minute. 

Name. 

Heat produc- 
tion, in kalories 
per hour. 


1912. 

Not. 7 

kgrm, 

&*6 

59*8 

Bennet 

878 


» 11 

54*6 

59 *6 

>1 

880 


Bee. 6 

54*6 

60*0 


288 

I 


64-6 

1 

i 69 *8 

Arerage of 

280 

II 

Nov. 14 

88-8 

60*0 

B^uet 

Ward 

296 

III 


1 0S-7 

00*0 

dharrard 

m 

IV 

26 

69 *9 

60*1 

Turnbull 

299 

V 

Bee. 2 

00-6 

60*0 

Bae 

617 

VI 

n 18 

48-7 

60^ 

Armttroug 

279 

VII 

May 20 

68 -7 

60*6 

Brieooe 

285 


Arerage of I, II, III, IT, V, VI, VII, 207 lH»lorios per hour. 
Maximal abemtione ^ g . J 
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Group D. — Experiments in which a maintained rate of 60 revtdntlons per 
minute would have involved the performance of meohaoical work on the 
cycle at the rate of 56 kalories per hour (approximately 0*09 horse-power). 



Date, 

Weight. 

Berolutione 
per minute. 

Kama. 

Heat produo* 
tioUiin kalorlefl 
per hour. 


1918. 

kgrm. 





Feb. 18 

62 *1 

60*4 

Kemp 

864 


.. as 

62 1 

60-2 


845 

I 

— 

62-1 

60 ‘8 

Average of Kemp 

8S0 


Jen. 27 

64 ‘6 

69 *7 

Bennet 

888 


» 80 

54 ‘6 

60 ‘0 


882 


u 81 

Feb. 18 i 

54' 6 

eoi 


886 


54 -6 

69-0 

It 

838 


19 * 

64-6 

60*0 1 

II 

388 

II 


64 ‘6 i 

60*8 

A rernge of 

886 





1 Bennet 


in 

Feb. 20 

60-6 

60*4 

Kae 

i 847 

IV 

» 81 

60-4 

60*6 

Hill 

: m 

v 

» 24 

69 *8 

60*6 

1 Sharrard 

1 852 


» 25 

48 *7 

60*4 

1 Armstrong 

340 


» 28 

48*7 

60 ’8 

! ’’ 



1 362 

VI 

i 

i 

43 -7 

60*4 

j 

Average of 
Armstrong 

346 


Average of I, II, III, IV, V, VI, beat>produotioa of 84') kalories per hour. 
Kaximal aberrations ^ .g 


Now, it is always of interest to study the relationship between such figures, 
and significant powers of the subjects' weights ; that is to say, such powers 
as W the weight ; or W*/*, possessing some reference to the subject’s extent 
of surface; or W*/®, in which there always lies the possibility that it is 
W/W^, or the subject’s weight divided by his surface. That there is a 
very real interest in such a quest is well known in the special case of heat- 
production during rest, which bears a fairly close numerical relationship to 
the extent of the surface when other conditions remain the same. I have 
therefore divided the figures in these different groups by W*^, 'WV*,W, W*i*, and 
thrUi obtaining, in each case, a set of figures with a certain average value, 
and ^ve, in the table on p, 110, the maximal aberrations observed from this 
avers^ value. 
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Maximal Aberrations, given as a peinentage of the average resnlt ol dividbag 
hy various simple funotions of W. 




wn 

W, 

^4/8 

■VjrW. 

(jhroupA ^ 

+ 9'6 
-10*2 

+ 7*6 
- 6*8 

:t 8-8 

±2*6 

+ 6*1 
- 4*5 

0roup B 

+ 4*4 
- 2 -7 

ab 8*6 

+ 9*8 
- 6 *6 

+ 16*8 
-10*0 

+ 20*7 
-17 -3 

Group C 

+ 6*5 
- 4 *9 

+ 11*4 
- 3 *6 

+ 22*0 
- 7*0 

+ 82*0 
-12*4 

+ 48*0 
-18*4 

Group D 1 j 

+ 11 *5 
- 9*0 

+ 19*8 
- 9*0 

+ 80 *6 
-14*9 

+ 89 *0 
-19 *7 

+ 66*0 
-26*0 


Now, compare with the figures in this table the maximal aberrations from 
the average experimental result as given in the preceding tables. 


Maximal Aberrations from the Mean Experimental Eesult. 


Group A 12‘4 and ~13'9 

Group B f.... 9'5 „ —lO 

Group C 9’1 „ — 6 

Group D 1*7 » — 3*2 


It will be seen at once that the experiments of Group D gain nothing 
by any new process of numerical treatment. The experimental results are 
almost constant notwithstanding considerable differences in the weights, and 
therefore in various powers of the weights, of the subjects ; and, indeed, if the 
observations were sufficient in number, it would be justifiable to write the 
general summary of the results obtained at this level of mechanical-work 
performance as 

Heat-production as Erf. 

If, on the other hand, we go to the other extreme and examine the results 
in Group A the original errors are as large as 13 per cent, of the mean 
experimental result, and it is seen that division of these results by almost 
any one of these funotions of the weight brings them to a more common level, 
bat that this is best done by dividing them by W^, when the aberrations are 
only 2‘5 per cent, from the average. Hme, we might say that, at this ii^uoh 
lower level of mechanical-work performance, 

Heat-production »» 

Treating the other groups in the same way we get the following summaty 
of the experimental results 
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Group A. — Hest-produotion ss K»W^ 

Group B.— =K*W^ 

Group C.— „ * K.WV» 

~ Group D. — „ = Krf 

Clearly these results demonstrate the decreasing influence of the weight 
upon the heat-production as increasing values are given to the performance of 
mechanical work. To put the facts in simple terms, without attempting any 
further analysis, the weight becomes less and less of a handicap as the rate of 
work is increased, until at the final level reached in these experiments the 
burden of the day is the same for all. This does not say that it may be borne 
equally well by all. Small bodies embroiled in an equal heat-production are 
obviously at a disadvantage, since, although their surfaces and thus their means 
of heat loss are relatively large in proportion to their weights, yet they are 
actually smaller than the larger surfaces surrounding the greater masses. 
Thus higher temperatures might l)e thought of as impending in their case. 

It will be of interest to continue these experiments, and that, too, at 
higher levels of work-performance. It would, for example, be well to 
detennine whether this was the end or not of this process in the removal of 
the handicap of the weight. It would be remarkable if at some higher level 
of work-performance the weight should be developed into a positive advantage, 
and the relationship be capable of expression as follows : — 

Heat-production s= KW“". 

Leaving this, however, for the present alone, it is legitimate to inquire into 
the possible causation of these results as they stand. Thus, when dealing with 
the nature of the process responsible for the appearance of the weight in 
these results, it will be well at onoe to focus attention on this query: Is 
any importance to be assigned to the observation at the lowest level of 
work-performance, in which the weight made its appearance in the greater 
dignity of the form of W*/* ? For, if not, it would be simple to consider 
that all of these expressions are variations from the well known expression 
for the l^t-production of rest (heat-production = KW^), in which the 
importance of the surface, W^, is gradually removed with the increasing 
elimination of the activity of that special nervous meclianism that regulates 
beat<-production when heat-loss is the dominant oircumstanoe. But, if, on 
the other hand, attention must be paid to it— and why not ?— then some 
consideration must be given to some influence of the weight or of the mass 
of the body other than as a value which determines the extent of its 
iQtfaG& may oonoeiVably be dealt with under two headings. 

Thus, on the one han(^, it ihay be thotlght that the weight, /ter ar, makes 
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its appearance in these expressions because the weight of the limbs that are 
moved is at first a large fraction of the whole sum of mechanical work which 
is performed. Or, on the other hand, it might be considered that W enters 
in some less direct fashion as a representative of mEu» rather than of 
weight, since it is clear that the value " heat-produotion/mass ” muitt to 
some degree determine the temperature of the musculatare, and further, as is 
well known to be true, the heat-production would be expected to vary with 
this temperature, as well as with the mechanical work which is performed. 

On either of these assumptions as to the importance of W, it is con- 
ceivable that at first the expression for the heat-production -of rest was 
complicated in such a fashion that 

Production/ Surface became Produotion/(Wx Surface); 
that is to say, that the denominator might change from to W*/®. Now 
we have only to consider that the withdrawal of the dominating influence of 
the surface, the removal of one kind of automatic nervous control, passes on 
further than to mere elimination until the surface becomes now the humble 
agent of the heat-production under the influence of a reversed nervous 
control This is, indeed, what actually happens, hut is it not tlie case, this being 
so, that now the heat-production will tend to vary inversely as the surface ? 

Heat-production becomes Heat-production x Surface 

W X Surface W 

and the denominator changes from W'V* to W’/*. 

Now, finally, we come to consider the state of affairs represented by 
Gix)up D, where, apparently, both weight and surface have dropped out of 
account. Here it is open to us to consider that the surface has now become 
a cubic quantity with the same dimensioDs as the weight, and that they are 
thus both cut out from the expression for the heat-production. Nor is this 
so absurd as might at first appear, since the process of sweating introduces a 
further quantity, by which the extent of the surface is multiplied, and 
might very well be regarded as a third. dimenaion. Or else we revert to the 
position that the weight of the limbs becomes less and less important as the 
amount of externally usefiil mechanical work rises in value, and that in 
this way there is a tendency to minimise the value of W in the denominator. 
If this is so, then it is to be anticipated that a farther ctmtinnanoe of these 
experiments will lead to the further observation that, at a still higher levid 
of work-perfonnanoe, the heat-production u^l be found equal to KW”*, and 
the weight then have an appearance of being a positive advantage, since 
there is then no obvious reason why the surface should from the 

numerator. 
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l%e Formation of the Ardhocyan Pigments of Plemts. — Part VI. 

By Frederick Keeblb, Sc.D., F.K.S., Professor of Botany, University College, 
Beading; E. Frankland Armstrong, D.Sc., Ph.D., and W. Nsilson 
Jones, M.A., Lecturer in Botany, University College, Beading. 

(Received June 16, — Read June 26, 1913.) 

In the previous communications of this aeries we have recorded the results 
of observations on the oxydases and chromogens concerned with the produc- 
tion of anthooyan pigments. The study of pigment formation is continued 
in the present communication, the sections of which deal with the following 
subjects : — 

1. A pigment-producing gluooside of the wallflower (Cheiranthus eheiri), 

2. The 1‘ormation of pigment-producing substances from glucosides. 

3. The biochemistry of Mendelian colour characters. 

Section 1 . — A Pignwni-prodvcing Glucmide of the Wallflouier, 

It is customary to divide the sap-pigments of plants into two series, the red, 
purple, and blue anthocyan pigments, and the yellow xanthein pigments. 
Miss Wheldale* has, however, suggested, on genetical grounds, that the 
anthocyan and xanthein pigments are related with one another. This author 
points out that most plants contain colourless or pale yellow substances which 
give a canary yellow colour with ammonia. When heated with dilute add 
they assume a deep yellow colour and reduce Fehling’s solution. Hence, 
they are to be regartled as gluoosides.t 

Miss Wbddale suggests that anthocyan is a compound of such a glucoside- 
like body with a “ reddening ” substance. In the absence of the latter and 
with the loss of a further substance (the sugar ?), the glucoside gives rise to a 
yellow xanthein pigment. ^ 

More recently Miss Wheldale states that the yellow pigments are largely 
present as glucosides, of which some, or possibly all, the hydroxyl groups 
are replaced by sugar. Specific hydrolysis may act on hydroxyl groups in 
certain positions, and when these groups are free from sugar, oxidation, 
and possibly condensation, may take place at these points. The residual 
hydroxyl groups in the anthocyan molecule would probably be replaced 
'bf sugar, and hence the authooyans would occur as glucosides. 

* * Boy. Soo. Rroa/ 1909, B, vol. 81, p. 44. 

t Pompare CMpok, ' Bioohem. d. Pflamsen,’ vol. 1, p. 177. 

1 ‘ Bioohsm. JouraV 1918, voL 7, p. 87. 
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It is to be remarked that this faypothesis poetolates a lai^ier nnmber ot 
glucose residues in the molecule of the yellow pigment than is tbeoaae in tbw 
varieties which have been studied. In none of these are more than two 

j 

sugar residues present. Moreover, even in such cases, the sugar residues axw 
not attached to different hydroxyl groups, but are united to one another to 
form a disaocharide. Further, the experience gained with amygdalin*' 
suggests that such complex glucosides are only broken down by enzymes in 
one way, and hence, if this be the case, it is not probable that different 
enzymes act on the glucosides in snoh a .manner as to set free different- 
groups. 

The yellow pigments are regarded by Miss Wheldale as belonging to the 
flavone or xanthone classes, and in this connection it may be pointed out that 
the constitution of the hydroxyflavone glucosides offers great possibilities of 
variation. Thus the sugar residue, which may be either glucose or rhamnose, 
is joined by an hydroxyl group to the flavone. The hydroxyl group may be 
attached to carbon in the oxygen ring or substituted in either of the jdienol 
groups. 


O OH 



00 


■Such differences of constitution will correspond with differences in the 
properties of the several glucosides, and these different properties will be 
manifested particularly when the glucosides are acted on by enzymes or 
hydrolysed by acids. 

A further possibility of the derivation of varied products from these 
glucosides follows from A. G-. Perkin’s observations (vide infra) to the effect 
that the glucosides of tliis class occur commonly in plants not singly bat in. 
association. In a valuable series of memoirs dating from 1895, A. G. Perkin, 
has described a number of natural hydroxyflavone glucosides, and at the 
present time the structure of at least 12 of these bodies is knovrn. The 
researches of Perkin have been supplemented by Kostanecki's synthetical 
work on the hydroxyflavone group. , 

The outstanding fact revealed by Perkin's investigations is that, of tbs’, 
yellow pigments derived from many and diverse vwietiee of plants, 
without exception, are hydroxyflavone derivatives ; indeed, with this evid«M% 
before us, it is not too much to assume that all the soluble ydlow pigments 
of plants belong to this class. The obeervaticms described in this section 


* Compare Ai nutrong, ‘llio Simple <)Brbohyd«rt«,' IMS. 
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hav« reference to the soluble sap pigments of the wallflower {Cheirmthm 
ehem). Of these pigments, A. 6. Perkin* has already investigated the 
hydroxyflavones present in the deep yellew flower of the variety of wallflower 
known as “ Cloth of Gold.*' He has shown that when the extract of sap 
pigment is hydrolysed by boiling with dilate sulphuric acid an olive yellow 
precipitate of the pigment separates on cooling. The precipitate is a mixture 
of quercetin 

OH 



\/\/ 
OH CO 


and its monomethyl ester iso-rhamnetin 

O 

OH 


VO 


OCH, 

OH 


OH CO 


Of these substances quercetin is distributed very widely in plants, but 
iso-rhamnetin has been met with only in the Indian dye, asbarg (from 
Ddphinium talil).‘\ 

The general characters and distribution of the pigments of the flowers of 
Cheiranthus ch-eiri are as follows : — 

The petals contain both sap and plastid pigments. In the deep yellow 
varieties the colour is due to a plastid pigment which accompanies and 
masks a pale yellow (cream) sap pigment. Purple flowers contain a purple 
(anthocyan) pigment, together with a little plastid yellow. The same 
pigments occur in the brown wallflower, which owes its colour to the large 
amount of yellow which occurs, together with purple. Bed flowers contain 
anthooyanin, together with xanthein, the yellow of which masks to some 
extent the blue constituent of the anthocyan pigment. In certain primrose- 
yellow varieties the colour changes with the age of the flower. The buds 
and newly opened blossoms are of a rich yellow, but as the flower grows 
older the yellow fades gradually till the petals are cream or almcMt white. 
The full yellow is due to the plastid pigment which occurs together with 
the pale primrose-coloured xanthein in the buds of young flowers. The 
plastid pigment disappears as the age of the flower increases, and the pale 
colour of the full blown flower is due to the persistence of the soluble sap 
or Xanthein pigmOnt. 

* ‘ Ohem. Soo. Tnuu.)' 1896, p. 1066. 
t I^ikin and Pflgrim, 'Ohem See; Tnuuk,’ 1898, p 867. 
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The waning of the yellow pkstid pigment eoincideB with the disappearwoee 
from the petals of an inhibitor of oxydase. Thus, if petals of various stages 
are tested by means of benzidine and hydrogen peroxide, only the mature 
cream-white petals, from which the yellow pigment has disappeared, give 
an oxydase reaction. If, however, the petals are first treated for five minutes 
with absolute alcohol, and then with benzidine and hydrogen peroxide, they 
give a good oxydase reaction. 

Inasmuch as we have shown already (Part IV) that absolute alcohol serves 
to remove the inhibitor of oxydase which occurs in the flowers of dominant 
white Primula sinensis, we conclude that there exists in this “ primrose ” 
strain of wallflower an oxydase inhibitor which is closely bound up with the 
yellow plastid pigment. As the latter is destroyed so is the former, and 
after their disappearance the oxydase contained in the cells in wliich they 
were present may be demonstrated by means of the ordinary oxydase 
reagents. 

These observations, together with the fact that red and purple authocyan 
only make their appearance in cells in which the plastids are degenerating, 
may, perhaps, offer a clue to the significance of the curious phenomenon of 
striping which is so common in wallflowers. In striped wallflowers the red 
or brown colour is broken by wider or narrower yellow bands. We believe 
that the phenomenon is to be interpreted in terms, first of the persistence 
of the plastids and of the inhibitor of oxydase, and, second, of failure of 
supply of ohromogen. 

That the former of these factors is concerned in the phenomenon is 
probable from the foiegoing observations, and that lack of ohromogen is also 
concerned is rendered probable by observations which we have made on the 
stri|)ed flowers of Honesty (Lamna annua). 

The garden varieties of this plant bear flowers showing all degrees of 
striping. In some the petals are self (uniformly) coloured ; in others there 
is a small colourless area at the junction of limb and claw, and in others 
this white area may extend so far as to leave but a narrow border of magenta 
at the edge of the petal. The white regions of the flower are well supplied 
with petoxydase, and therefore their lack of colour is to be ascribed to lack 
of ohromogen. That this is actually the case may be demonstrated by 
removing all the ojwiji flowers and some of the buds from a head of flowers. 
As a result of thus reducing the number of flowers of the inflorescence, those 
that are left assume in what should be the white regioh of the flowcai a 
dark magenta colour, so dark as to look like a deep magenta splash On a pate 
ground. Into the physiological interpretotion of this eflfieot of the operatkin 
we need not enter now, but we may ttdce it as denKouteatisg that stiealdhg 
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or fiaMng of flowers is due, in some oases, to local inhibition of oxydase, and 
in others to a local defect of ohromogen. 

That the pale yellow or cream xanthein sap pigment of the wallflower is 
in some way related with the red and purple anthocyans is rendered probable 
from a study of the curious behaviour of a hybrid wallflower CheiraTUhm 
kewmm, the issue of a cross between Cheiranthus eheiri and O. mutahUis. 
When the flowers of C. kemnsis open they are of a pale yellow or cream 
colour, and of that colour they remain for a long time. Gradually, however, 
a faint reddish hue steals over them, deepens, and Anally replaces the 
original colour. Experiments now to be described make it probable that 
what is witnessed here is a gradual formation of red anthocyan at the expense 
of the cream-yellow xanthein pigment. 

If petals of the “ primrose " race of the common wallflower, C. eheiri, or the 
soluble yellow extract therefrom be heated in aqueous alcoholic solution 
with a little concentrated hydrochloric acid and zinc dust a red pigment is 
formed. In the first phase of the reaction the xanthein glncoside is hydro- 
lysed to a reducing sugar and to a yellow compound which is insoluble in 
water. For example, a solution of the pigment was divided into two parts, 
and the reducing power of the solutions was determined by the Bertrand 
method, in the one before and in the other after hydrolysis. The results 
were : — 

Before hydrolysis as sugar equivalent to 6'5 c.c. of ijermauganate. 

After „ „ „ 13-5 

The glucoside is also hydrolysed slowly by the emulsin of almonds. After 
the yellow insoluble compound produced during hydrolysis has been dissolved 
in 60>per-oent. alcohol and reduced by zinc dust and an acid it undergoes 
reoxidation to an intense red pigment The red pigment passes through 
green to yelbw on the cautious addition of alkali It is reduced to a 
colourless state by zinc duet and acetic acid or by zinc dust and ammouiam 
chloride, the colour recovering on oxidation. 

The solution of hydrolysed pigment separated by filtration from the yellow 
product gives no red colour when reduced. Thus we have chemical evidence 
that the yellow glncoside of the wallflower undergoes hydrolysis, and that 
its product is converted by reduction and oxidation into a red pigment 
Since reduction and oxidation may take place in any plant cell we may 
infer that the pale yellow wallflower owes its lack of red or purple autbooyan 
to the absence of the ageoi for gluooside hydrolysis, and it may be ptedioted 
that the fwle oolonr of the primrose (yellow-oream) race of wallflower is 
iweeMive to the aath<M9yaQ odour of rod or 
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We have obtained by the means described ali^ady red {dpaeints 
yellow and colourless flowers of mway other plants, yellow daflbdil, 
yellow crocus, cream polyanthus, and Chinese primrose. As a rale ^e ooloar 
is located at first especially in the veins, but it appears subsequmitly in the 
whole petal. The case of the daffodil is of particular interest, iaasmnoh as 
plant breeders have been at work for many years endeavouring to produce 
a red daffodil. This work has met already with some considerable suooese, 
and it may be predicted on biochemical grounds that the object will be 
acMeved completely in the near future. 

In the case of some flowers, e,g., polyanthus, reduction by means of zinc 
dust is not necessary, the red coloration appearing after heating with acid 
and subsequent oxidation. 

We have used the same reagents with the flowers of dominant and recessive 
white Primula sinmm, and fin4 that, as is to be expected on theoretical 
grounds, dominant whites yield the red colour, and recessive whites, if they 
yield it at all, do so to an extremely slight extent. Thus we have biochemical 
evidence supplementary to that derived from plant-breeding experiments 
that dominant whites possess and recessive whites lack the prochromogen 
from which anthocyan pigments are derived. 

We have described already (Part IV) the recovery of colour which takes 
place when a decolorised petal of the stock {McUihiola inmm) is immersed 
in water, and we have stated our reasons for regarding the recovery of 
natural colour as the result of a process of oxidation. Subsequent experi- 
ments confirm this view. 

Thus, by treating an aqueous solution of the purple pigment of stocks 
with zinc dust and acetic acid in the cold, the pigment becomes first pink, 
and is reduced subsequently to a colourless state. The colour returns 
rapidly on exposure to air, and still more quickly when the solution is 
warmed or treated with a drop of hydrogen peroxide. In each case the 
original purple is reoovered. If zino dust and ammoniam chloride be need, 
reduction to a colourless state also takes place, but subsequent oxidation 
leads to the formation of first a pale green and then a blue colour. 

Section 2 . — The Formation of Figment-jtrodrtdng Subetanees/roin Cfluooaides. 

. The present state of our knowledge does not allow of a perfectly aatie- 
factory classification of the pigments which commonly occur in the flowers of 
plants. Kevertheless, these pigments may be grouped provisionally aeoording 
to their mode of origin and chemical oomporition. 

Classified according to their modes of origin, the flower pigments laU into 
two groups, those whipb are derived from the plastid^ and those which are 
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lonoaed iii4^ndeQtly ot the plaetads in speoial yecnoleB of the (^tc^lHsin. 
%e former are called plast pigmenta and the latter aap pigments. In the 
mature cell the aap pigmenta occur in solution with the general cell aap, and 
hence they are referred to sometimes as the soluble sap pigments. 1%ey 
occur in two series, the soluble yellow pigments (see p. 115) and the so-oalled 
anthocyan pigments. Evidence has been given already (p. 117) to show that 
the soluble yellow pigments are to be regarded as flavone derivatives, and 
that they ate related with the red and blue anthocyan pigments. 

Of the plast pigments, two series also occur. One comprises the yellow 
and red carrotene pigments, together vrith the oxidised derivatives of the latter, 
the xanthophylls. The other series includes the chlorophyll pigments. Of 
these pigments, carrotene (a hydrocarbon) contains C and H, xanthopbyll, 
the soluble yellow sap pigment, and the anthooyans contain C, H, 0, and 
chlorophyll, like haemoglobin and the animal melanins, contains N in 
addition to these elements. 

It is known that the melanins of animal tissues are produced by the 
action of tyrosinase on ohromogens. We show now that pigments containing 
nitrogen are formed readily by the action of plant enzymes on the glucosides 
which occur in plants. Hence it is probable that the formation of such 
Ditrogen-oontaiuing pigments occurs normally in the living plant. 

Two recently published researches of Chodat have important bearings on 
the mode of pigment formation in plants. In the one research, Ohodat* 
proves that, when a vegetable oxydase acts on glycine, carbon dioxide, 
formaldehyde, and ammonia are produced. In the other, he demonstrates 
that, when p-oresol is oxidised by oxydase in the presence of an amino- 
compound, a series of coloured substances is produced, the colours of which 
depend on the nature of tl^ amino-compound. 

We have confirmed the accuracy of Chodat’s conclusions and have applied 
them to an investigation of the behaviour of certain glucosides, arbutin, 
methyl arbutin, and other's, when acted on by plant enzymes. 

Arbutin and methyl arbutin are distributed widely among species of the 
genus I*yru8 and also aunong the members of the Ericaceae and certain other 
natural orders. When hydrolysed by emulsin, arbutin and methyl arbutin 
yi^d respectively quinol and its mono-methyl derivative. Inasmuch as 
cmulain usually contains a small quantity of oxydase, hydrolysis is 
Cfioompanied by a darkening of the solution owing to the oxidation of the 
'quinol It has been suggested by Bonrquelot and Eiobtenholx tiiat the 
aratural blackening which takes place in the fallen leaves of many species of 
iPyriOs is due id the oxidation of quinol 

t * Arch. SCi. Fhyt. Nat.,' ISIS, vol. 36, p. 140. 
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We now find that if a mixture arbutin and glyome be h^Fotjved ^ 
emulsin and then oxidised by means of the oxydase present in an aqnechis 
solution of bran, an intense red coloration is produced. The red substanoei 
is evidently derived from the interaction of p-quinone with glycine, or its 
oxidation products formaldehyde and ammonia. A similar red colour is 
obtained when, instead of glycine, alanine, leucine, phmiylalanine, tyrosine, 
or asparagine is used. The colour is also produced when arbntin is incubated 
at 37° with a little ground sweet almond and a drop of hydrogen peroxide. 
The almond contains emulsin, peroxydase and amino-acids, so that it allows 
of the whole series of cltanges. 

The changes may be represented schematically as follows : — 

Emulsin. 

Arbntin -f water — ► quinol 4- glucose. 

Oxydase. 

Quinol + oxygen — ► quinone. 

Oxydase. 

Glycine 4 oxygen — ► formaldehyde, ammonia, and carbon dioxida 

Quinol 4 quinone 4 NHs = red compound. 

The production of a red colour from quinone and amino-acids was first 
observed by Wurster* and later by Eaciborski,! but neither author offers 
any explanation of the phenomenon. The reaction has been studied recently 
by £. A. Cooper, I who holds that the colour results from the interaction of 
the — NH> groups of the amino-acid and the oxygen atoms of the quinone, 
and that the reaction is similar to that which takes place between an amine, 
such as aniline, and quinone. In the latter case the aniline residues may 
enter, the ring in the 1, 3 positions, or, in addition, form an anil or dianil by 
replacing the quinone oxygen. 



Ouinone. Bianilinoquinone. Quinone aniL Quinone dianil. 


The abnormal behavkmr of the amino-acidB, under conditions when other 
compounds containing a primary aouncrgioap form oondensation products^ 
was shown originally by Streoker.§ He pdxrved that alloxan oxidieee alaiuni* 

* ' Chem. Zentr.,’ 1869, Tol. 1, p. MS. 
t ‘ Chem, Zentr.,’ 1907, YOl. 1, p. 1096. 

I * Bioohem. Joum.,' 1918, wA 7, p. IM. 
i ‘Annalen,’ 1868, voL l^ p. 8(0. 
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to owrbon dtoxMe, ammonia, and aoetaldehydOk Hotidqr and Wooton,* wh( 
have made a full study of the reacticm, find that dimetbjlaUozan behaves in 
a similar manner. W. Traubef has found that bensoquinone and isatin 
have similar oxidising properties. 

Glycine ethyl ester, NHj.CH*.CO.OCaH 5 ,t behaves quite diflerently. With 
quinone in alcoholic solution it forms the di-ethyl ester of diglyoinoqaino&e, 
together with hydroquinone ; the amino-acid is not decomposed, since the 
ester group shields the carboxyl group from attack. 

It is improbable, therefore, in view of these observations that the con- 
densation between quinone and glycine takes place in the manner suggested 
by Cooper. 

Ammonia by itself gives a brown coloration with quinone, but if form- 
aldehyde be added the brown colour is converted into red. Ko coloration is 
given on mixing formaldehyde with quinone, but on the cautious addition 
of a m monia a red coloration is produced. The colour is very similar to that 
given by quinone and glycine ; this last mixture gives the same reddish- 
brown shades when a slight excess of ammonia is added. Similarly, quinone 
gives no colour with benzaldehyde alone, but a red colour is produced on the 
addition of ammonia, the colour resembling the red obtained from phenyl- 
alanine and quinone. Salicylic aldehyde, quinone, and ammonia give rise at 
first to a red coloration and then to an insoluble brown substance. 

Quinone forms a red coloration alike with glycine, alanine, leucine, 
tyrosine, phenylalanine, or asparagine. The colours are very similar to, 
not identical with, one another, and they are formed at much the same rate. 
The red is reduced immediately by sine dust and acetic acid, and a colourless 
solution is obtained (see Section 1). The colour returns slowly on standing, 
more quickly on warming, and immediately on the addition of a drop of 
hydre^n peroxide. 

Qttinol is converted by an oxydase in presence of glycine into a red 
pigment ; of its ethers dimethylquinol gives no coloration, and methylquinol 
a faint pink only, which is, perhaps, due to impurity or to its oxidation to 
quinone. Methyl arbutin should not, therefene, be capable of givii^ rise 
to this red pigment. 

When the oxidation of arbutin at 37*’ is prolonged, action continues pfst 
the red stage. The solution becomes a chestnut brown, a brownish black 
pireoipitate is deposited, a little tarry matter appears on the surface, and a 
marked aromatic odour suggesting the smell of prunes is imparted to the liquid. 

* ‘ Cheia. Boo. Trwa.,* 1911, toL 99, p. 288. 

+ ‘ Bar.,' 1911* rol. 44, p. 8146, 

X E. Viwher and Sehriri«r, *BerV 1910, voL 48, p. 686. 

■ ■/folu, 'lanoivn.— B, 
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This conversion of a glucoside into substances which simolste botih the 
colour and odour of ripe fruit is noteworthy, and 8 U^;e 8 ts that in the natotal 
process of ripening of fruits, not only are glucosides hydrolysed and oertam 
of their products oxidised by oxydases, but also that amino-compounds, so 
common in plants, intervene in the reaction and determine the nature of the 
end products. 

The reaction between quinone and the products of oxidation of the mnino- 
acids is obviously very complicated, and we therefore content ourselves with 
a reference to two somewhat similar cases which have been emphasised as of 
biological importance : — 

1 . Strecker and Hurtley and Wooton have shown that by the interaction 

IfH CO 

of glycine and alloxan, CO<^^qq>C(OH) 8 , at the ordinary tempera- 
ture, the amino-acid is oxidised to formaldehyde, carbon dioxide, and 
ammonia, whereas the alloxan is in part reduced to dialnric acid. The 
unchanged alloxan and dialurio acid combine to produce alloxantin, which 
with the ammonia forms murexide (ammonium purpurate). This substance 
has a characteristic purple colour. On warming the mixture, secondary 
changes take place with the fonnation of other coloured products, and in the 
case of tyrosine Hurtley and Wooton note that a “ flowery ” odour is produced. 

2 . Ruhemann has shown that triketohydrindene hydrate. 

C6H*<cp>C(OH),, 

which gives a deep blue coloration with amino-acids, behaves like alloxan. 
The hydrindene is now regarded as a valuable reagmit for amino-adds, and 
it has already been of service in investigating problems of animal physiology. 
In this case also the amiuo-aoid is oxidised to carbon dioxide, ammonia, and 
aldehyde, and the triketohydrindene is reduced. Hydiindanthin is produoed 
and interacts with ammonia to form the blue ammonium salt of diketo- 

hydrindylidene-diketohydrindamine, 06H4 <^q>CH.N:C<qq>C«H 4, which 
is an analogue of murexide. 

It is probable that similar changes take place in the case of quincme and 
amino-acids. Starting from arbutin, where the bydroquinone which is formed 
is oxidised in part to quinone. it is the ammonia from the amino-aoid whhdi. 
is the essential factor in producing the red colour. Ihe aldehyde derived 
from the amino-acid plays only an accessory part, for the reduced quincme is 
already present. In fact, the red is instantly produoed when ammonia is 
added to the oxidised mixture. The addirion of formalddityde to hydrolyBed 
and oxidised arbulw has no effect in producing colour, uid this is in agree* 
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meat with the fact that the red oolour is prodaoed no matter what 
amino^aoid be used. A series of similar experiments was made differing 
only in that different amino-aoids in equivalent quantity were added in the 
several oases. The colours prodaoed were compared with one another by 
means of the tintometer in order to obtain a rough indication of their 
relations with one another. The same series was again examined a few days 


later, when the solutions had become darker. 

Ainmo-<iOinpound used. Colour produced. 

Glycine 

value 

= 8 red -f I'i yellow. 

Alanine 

i> 

= 8 „ -f 11 „ 

Leucine 

if 

= 7-5„ 4-10 

Phenylalanine 

tt 

= 5 „ •+■ 6 „ 

Tyrosine 

ft 

= 5-5 „ -f 6 „ 


The three aliphatic acids give similar colours, the two aromatic acids 
yield a somewhat different shade. Hence these pigments differ essentially 
from those obtained by Chodat from p-cresol, inasmuch as the colours of the 
latter dejtend on the nature of the amino-acid. Whatever be the explanation, 
the formation of pigment from arbutin and protein degradation-products is 
one which may well be of natural occurrence. In ))aH8ing, it may be observed 
that quinone, like alloxan and triketohydrindene, may prove to be of use in 
the diagnosis of amino-compounds. 

Substituted quinones such as 1 : 4-xyloquinone or 1 : 4-thymoquinone 
resemble quinone in giving a oolour reaction with glycine on warming in 
aqueous-alcoholic solution ; but in the case of these substances the reaction 
takes place much more slowly. Xyloquinone give rises to a claret red, 
th3rmoquinone to a tawny or brown red. There is apparently a difficulty in 
reducing the quinones, as neither of them gives a oolour reaction with 
formaldehyde and ammonia. 

We are investigating the behaviour of other gluoosidesand find that salioin, 
the glaooside of the willow and many other plants, gives an orange, passing 
to an orange-red, coloration when hydrolysed by emulsin and oxidised by 
an oxydase in presence of an amino-acid. Similar colours are obtained 
with glycine and with phenylalanine, the tintometer leading in a half-inch 
cell being in each instance 4'6 red -f 1'8 yellow. Salioin incubated with 
ground sweet almond and a few drops of hydrogen peroxide gives a similar 
oolour reaction. 

Hdoridrih, the glncoside present in the roots of many rosaceous trees, is 
composed of ghioose and phloretin, a otmdensation product of jn-hydroxy* 
hydritropio acid and phlorogluoinol Il^n hydrolysed by emulsin in 

K 2 
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presence of glycine it is converted into a yellow snbstanoe. which beoomeiB 
orange and finally orange red. A red insoluble deposit, which separates out, 
forms an orange-red solution in alcohol. In th® tintometer we find for 
a .J-inoh cell : alcoholic extract, 3*5 red -i- 1'6 yellow ; aqueous solution, 
2'5 red -f- 5 yellow. 

Finally, eesculin (from the horse-chestnut) gives a yellow precipitate, and 
aucubin (from the red berries of Avcuba japoniea), a black precipitate under 
the conditions described. 

The property of colour formation from a gluooside and an amino-acid seems 
to be a very general one, though we are unable to say whether the mechanism 
is in each case the same as we have postulated for arbutin, namely, oxidation 
of the phenol to a quinone, formation of a quinohydrone and interaction of 
this with ammonia to form a coloured salt. 

In any case, Chodat’s discovery of the resolution of amino-aoid into 
formaldehyde and ammonia is obviously of fundamental importanoe. The 
ammonia may serve to provide the alkaline oonditioiu so favourable for 
oxidation and it may react directly to form amino-oompounds. The 
formaldehyde may take part in all manner of condensations leading to the 
production of complex substances. 

Section 3. — T&e Biochemistry <if Menddian Colour Characters. 

Of the various artificial chromogens which serve to determine the presence 
of oxydase in flowers, benzidine behaves most like the natural chromogens. 
For example, most artifioial obromogens, «i-naphthol, guaiacol, etc., serve well 
enough to indicate the presence of oxydase in the vascular tissues (veins), 
but they do not react as a rule with the oxydase contained in the epidermal 
cells, whereas benzidine gives uniformly good reactions with both epidennsl 
and bundle oxydase (see Part I). Again, just as the reducing agents present 
in petals may reduce the anthooyan pigments to « colourless state, so these 
same agents reduce and decolorise the blue oxidation product of the 
interaction of plant oxydase and benzidine. 

Inasmuch as benzidine has proved to be of considerable vidue for the 
investigation of plant oxydases, it may be useful to preface thie section' with 
a brief account of what is known of oxidation products of benzidine, 
which are of an unusually complex character. 

Willstatter and Kalb* have ehown t^at the first oxidation product of 
benzidine (NHs 06 H 4 .C 6 H 4 NHj) is probably the reddish-brown dipbeho- 
quinone di-imine On further more dzastio oxidation, 

two molecules of this substance unite to form the yelloWi^red diaminoaso- 
*' Ber.,’ 1806, vol. 88, p. 1*88. 
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44»lienyl NH».C«H4.CeH4.NJT.C«H4.C«H«J!JH*. The blue- and vii)let>browns, 
BO characteristic of the action of oxydases on benzidine, are due to complex, 
partially or mm-quinonoid salts of diphenoquinone di-imine with benzidine 
itself : — 

NH:C 6 H*:C 8 H 4 :NH = Quinone diimine, 
2s"Ha.C«H4.C«H4.NH, = Benzidine. 

The molecules are united through the partial valencies of the nitrogen 
atom. These compounds are 7neri>quinonoid, in that the quinone di-imine 
may be combined with several molecules of benzidine. For example, 
Willstiitter and Piccard* describe a blue compound of the di-imine with 
four molecules of benzidine, and a brownish-violet compound with three 
molecules of the amine. Upon reduction, such wwri-quinonoid compounds 
are converted into benzidine, whilst oxidation transforms them gradually 
into the quinone di-imine, as more and more of the benzidine is oxidised. 

For the investigation of plant oxydase, and of inhibitors of oxydase, we 
find that it is convenient to use benzidine in two forms, viz., a ^-per-cent, 
solution in 50-per-oent. alcohol, and a saturated solution in 1-2 per cent, 
of sodium chloride.t When rapidity of action is required, the latter solution 
is employed, but, when inhibition is under investigation, the alcoholic 
solution should be used side by side with the sodium chloride solution. In 
illustration of the rapidity of action of the sodium chloride benzidine 
solution, it may be mentioned that, if young seedlings of maize, etc., or 
mature roots of water plants such as Hydrocharis morsus-rance (frog bit) be 
immersed for a few minutes in this solution, the subsequent addition of a 
few drops of hydrogen jieroxide causes almost instantaneously a bnght blue 
coloration of their root-hair regions. 

Again, if flowers known to contain an inhibitor of oxydase be treated with 
some agent, for example, absolute alcohol, which is known to remove the 
inhibitor (see Part IV), they fail to react with the alcoholic benzidine 
solution uiitil the whole or greater part of the inhibitor has been removed, 
whereas such flower sgive a definite reaction with sodium chloride benzidine, 
even though the inhibitor has been only in part removed. 

The subject with which we deal in this section is that of the oanse of the 
range of flower-colour which occurs within a speoiea In illustration of 
the nature of this problem we may mention the facts known in the ease of 
the flowers of the Chinese primrose {Primula rinmeis). In addition to white- 
* ‘ Bev.,* 1908, yob 41, Hp. 1468, 8246. 

f Cf. Mftdelung, ‘ Zeitech. physiol Oh«m.,* 1911, vol 71, p. 804. 
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flowered races (domioaot and recessive whites), the hortioaltaml vatietiM 
of this species comprise races with bine, red, and magenta flowers, and oar 
purpose is to put forward a biochemical hypothesis to account for the 
production of these distinct colours and for the genetioal relations which 
obtain between them. 

It has been suggested by Miss Wheldale* that each of the chief colours of 
such a series is determined by a ^eoial oxydase, but neither general 
considerations nor such observations as we have been able to make lend 
support to this view. 

It is true that the flowers of different varieties of P. sinensis contain 
different amounts of oxydase, but we find no constant relation between 
amount of oxydase and type of coloration. Moreover, the recent researches 
of Bachf point definitely away from the hypothesiB that oxydases are specific. 

If hypothesis of specific oxydases te rejected, we must ascribe specific 
coloration either to the action of an oxydase on different chromogens or to 
the interaction, with a ohromogen or an oxydase, of specific substances which 
modify decisively the colour produced in the course of the reaction. 

Any disouBsion of these alternatives must take into account the ohseiv'ations 
of A. G. Perkin, that the hydroxyflavone glucosides of plants occur, as a rule, 
not singly but in groups. There is some ground for regarding these glucosides 
as oonstituting the proohromogens from which the anthocyan ohromogens are 
derived, and it is therefore a matter of great signifioanoe to the student of 
genetics tliat the plant is, as it were, offered a choice of several pigment* 
forming materials on which its hydrolysing and oxidising eu^mes may act 

Pending fuller investigation of the possibility that the colour of a variety 
may be determined by a selective action on one of a group of allied glucosides, 
we are inclined to adopt the latter of the two alternatives, uid to august that 
the serial colours of flowers are due each to the intervention of speoifio 
substances in tlve reaction of oxydase on chromogen. 

This hypothesis is rendered plausible 1^ the following observations, first 
on the colours produced when a mixture of phenols is treated with oxydase 
and second, on the behaviour of our artificial ohromc^en benzidine when 
acted on by oxydase in the presence of various phenols. 

When a mixture of phenols is treated with a plant oxydase a competition 
for oxygon ensues. For example, if oxydase be caused to act ongoaiaeol 
until the red colour is produced, the addition of other phenols brings about 
a more or less quick change of colour. Thus «*naphthol converts the red 
into mauve, and the ultimate colour which is produced is of a far deeper tint 

♦ ‘ Prog. Bei Bot.,’ 1910, p. tea 
t 'Arch. Sci Phy». Nat.,' Jluae, 1918, vol, 89. 
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tMa that which aiisea when «-naphthol and oxydase inteiaet with one 
another, li p~oieaol he added to the red solution produced the aeti(n} od 
oxydase on guaiaool a brown oolour appears. Saligenin, on the other hand, 
does not modify the normal deep red oolour given by guaiaool and oxydase. 

Search in chemical literature brings to light a few records of similar 
observations. Thus Sohoenbein, in 1856,* observes that guaiacum blue 
oxidises other oxidisable substances, and in doing so becomes reduced and 
decolorised. Kastle and Porcbf find that the oxidation of j^-phenylene 
diamine, guaiacum, and phenolphthalein, by means of an oxydase, is accele- 
rated greatly by phenol, the oresols and /3-naphthol. They recognise that 
these accelerators act probably as auxihary ox 3 ^en carriers, and that 
they are themselves more or less completely oxidised in the process. 
Miss Wheldalel suggests tliat oxidised catechol acts as a peroxide. 

^-Phenylene diamine (p-diamino-phenyl, NHaC*H 4 NH») exhibits a some- 
what different behaviour. Together with a-naphthol it constitutes the 
indophenol reaction for oxydase, which reaction is used largely by animal 
physiologists. In it the oxidised amine and phenol are coupled to an 
indophenol 

We find that phenylene diamine gives much the same violet-blue 
coloration with all phenols, including methyl quinol; but that benzidine 
and oxydase give with each phenol a distinct oolour, similar to that produced 
when the phenol in question is oxidised by oxydase. It would appear, 
therefore, that nothing analcgous with the indophenol reaction takes place 
when benzidine and phenols are acted on by oxydase. 

It is to be noted that p-pheuylene diamine is oxidised by atmospheno 
oxygen to a garnet red (tetra-aminodiphenyl-p-azophenylene), whereas it 
gives a dark brown product when oxidised by oxydase. The indophenol 
reagent is ill-adapted for the localisation of plant oxydetses because of the 
readiness with which it oxidises spontaneously. Petals of recessive white 
Primula ememw give a general purple reaction with it, and a brown with 
phenylene diamine, but solutions of these reagents become strongly coloured 
even without the addition of hydrogen peroxide, whereas this is not the 
ease with benzidine and the other reagents which we use for the mvestigafion 
ef plant mt^dases. 

We have not used a«-dimethyl-^>-phenylene diamine 
which substance is oxidised readily to quinone imine, the salts of which 

• * ‘ Journ. Prakt. Ohem.,’ voL 67, p. 496. 

t ' Journ. Biol. Ohsm.,' 1908, Toi 4, p. 301. 

I VBoy. Sob. Proc.,’ 1911, B, voL B4. 
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iom red meri-^oinoid oompoouds with the unchanged diamiQe<~the scHudled 
Wurster salta 

We have noted already that when bydroquinone is added to a mixture of 
benzidine and oxydase in which the blue colour has been allowed to devdop 
the colour is discharged. It is not until all the hydroquinone has been 
oxidised that the blue colour begins to return, the. limiting factor being the 
amount of hydrogen peroxide present. Most other phenols behave similwly 
to quinol, but since their oxidation products are generally coloured, the blue 
benzidine mixture becomes colourless for an instant only and then the solution 
assumes a lavender, green, red, or brown hue, according to the phenol chosi^ 
This colour slowly changes, and as the benzidine blue returns it becomes 
masked, and finally overpowered by the blue. 

The phenols experimented with include p-oresol, orcinol, guaiacol , »- and 
^-naphthol, thymol, pyrogallol, resorcinol, phloroglucinol, ealigenin, phenol, 
methyl quinol, dimethyl quinol, etc. 

The list comprises certain phenols which usually do not give a colour 
reaction with oxydase, ay., methyl quinol. Even with «-naphtbol the normal 
lavender oxidation coloration is much more intense when produced in the 
presence of other phenols. 

The behaviour of methyl quinol deserves special mention in that it affords 
the basis for our hypothesis as to the production of serial colours in flowers. 
With oxydase, methyl quinol gives no colour reactions; but if a little 
benzidine be added to the colourless solution the latter takes on a deep 
and persistent carmine colour. The blue benzidine pigment acts oatalytically 
as an intermediary for the transmission of oxygen to the methyl quinol ; 
thkt is, it may in this respect, and in this case, play the part of an organic 
peroxide, and thereby achieve the oxidation of a substance (methyl quinol) 
which resists the action of oxydase and hydrogen peroxide. 

The power of benzidine to transmit oxygen to methyl quinol and other 
phenols may be illustrated by making use of the oxydase present in the 
flowers, or other parts of plants. For instance, if the flower of a recessive 
white P. timmis be treated with benzidine and hydrogen peroxide, the petals 
assume the blue-brown colour oharaoteristlo of the benzidine-oxydase reaction. 
If, however, benzidine and methyl quinol be added together with hydrogto 
peroxide a carmine coloration is produced. 

A similar oxygen transmitting power on the pert of benzidine is exhilnted 
in the behaviour of the wliite flowers of ZychaUa eoromria. Treated witti 
benzidine alone the petals become brown; with «-naphtbol they take cm— • 
albeit with extreme slowness— a lilac or lavender colour. If, however, the 
petals be treated with benzidine and «-na^thol they assume immediately a 
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lilM colour which, tukeo in conjunction with tile previouB obaervationa, 
indioatee that benzidine facilitates the transference of oxygen from oxydase 
to acnaphthol. 

In order to make clear the closeness of the analogy between the oxydase* 
benadine and. oxydase-benzidine-methyl quinol reactions on the one hand and 
those which Wd to the production of the quinol colours — blue, red, and 
magenta — of such a plant as P. ttimmu, it is necessary to give a brief accoimt 
of the genetics of flower colour in this plant. 

The flowers of P, sinensis stand in a definite and consttmt relation with 
one another. They form a series ; recessive white, blue, red, magenta and 
dominant white. The biochemical nature of the whites has been described in 
an earlier ocinmimication (Part III). 

Of the coloured members of the series blue is recessive to both red and 
magenta, and red, which is dominant to blue, is recessive to magenta. 

The Mendelian interpretation which fits the genetioal facts is as follows 

The character for blue flower depends on the presence of a single 
Mendelian factor. Bed flowers also contain this feustor and they contain in 
addition a factor for red which can produce its effect only in the presence of 
the " blue ” factor. Similarly magenta flowered plants contain a magenta 
factor which when present together with the red and blue factors gives rise 
to the magenta character. 

In the absence of the lower member's of the series, colour is not produced 
and the colour of any flower is an indication that the series of factors is 
unbroken up to the factor for the colour character manifest in the flower. 

We have thus a striking parallel between the colour series in P. sinensis 
and that which occurs with benzidine and methyl quinol. The closeness of 
the parallel is indicated thus ; — 


P. sitmsit. 

Oxydase. 

/ \ 

Blue factor. + Bed factor. 

I Bed. I 

Blue. ColourleMh 


Biochemical model. 
Oxydase. 

Benzidine. + lie thy 1 quinol. 

i Bed. 1 

Blue. Colourless. 


The peculiar behaviour of the red factor, first in failing to induce colour 
formation in the absence of the blue factor, wd, second, in masking com- 
pletely by a red pigment the activity of the blue factor, is to be accounted for 
thus ;— The red factor determines the formation of a specific substance— 
perhaps of the nature of a phenol That aabstance is not oxidised directly by 
the oxydase of the flower, but in the presence of the “blue” factor this 
speoiio substanoe receives oxygen from the blue pigment produced by the 
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agenoj of that factor, and, in oonseqiionoe, the blue pigment ie reduced to the 
state of a colourless chromogen. The observations recorded on p. 126 lend 
additional support to this hypothesis. It is there observed that various 
phenols intensify, though they may not change, the colour produced by the 
action of oxydase on artificial ohromogens. On the practical aide it is also 
known that intensifiers of pigment exist, that they possess the power of 
converting a pale into a deep shade, and that they behave each as a unit 
character. On our model it seems reasonable to assume that an intensifier is 
a phenolic or similar substance, and that the factor for an intensifier means 
the power of the cell to produce that substance. 

Lastly, on the basis of this hypothesis we have a plausible explanation of 
the fact tliat many oxydase reagents, though they give good bundle” 
reactions, fail to reveal the presence of oxydase in the epidermis. The 
vascular tissues contain considerable stores of oxydase and oxygen-oarrier, 
and hence, through the agency of the carrier, oxygen is transferred to 
«-naphthoI or similar “artificial ohromogen.** The epidermal tissue contains 
only a small quantity of the carrier of oxygen, and hence, in spite of the 
presence of oxydase, «-naphthol and similar artificial ohromogens remain 
unoxidised in this tissue. 


Coimlndom. 

1. The pole yellow sap colour pf the petals of the wallliower is a mixture 
of hydroxyflavone gluoosides. The glucoside mixture is hydrolysed readily 
by beating with mineral acids and more slowly by emulsin of almonds. The 
hydrolysed product if reduced and subsequently oxidised yields a red 
pigment. 

2. The fact that flowers containing similar soluble yellow pigments may be 
caused, by suitable chemical treatment, to yield a red pigment, suggests that 
re<l mutations should be of possible occurrence in such speoiea 

3. The formation of pigments, as the result of oxidation by oxydase of the 
hydrolysed products of glucosides, is determined by the presence of amino- 
compounda and is of very general occurrence. The behaviour of the glucoside 
arbutin (see p. 121) makes it probable that many of the pigments and odorous 
substances formed during the ripening of fruits arise as results of reactions 
of this type. 

The pigments of plants may be classified provisionally as follows : — 


I. Plast Pigments — 

rt, Chlorophyll pigments contain 0, H, 0, N 

k Carrotene contains <3, H 

c. Xontbophyll (oxidised carrotene) contains C, H, 0 
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IL Sap Pigments — 

a. Yellow. Hydroxjrflavone gluoosides or derivatives 

thereof contain C. H, 0 

J. Red, of wallflower (see p. 117). Products of the 
action of oxydase on hydroxyflavone gluooside 
derivatives contain C, H, 0 


[Whether all anthocyan pigments are of this type is 
unknown.] 

c. Red and brown, of plum. Substances produced 

by the oxidation of phenols in the presence of 
amino-acids contain C, H, 0, N 

d. As su^sted in Section 3, the so-called anthocyan 

pigments (red and magenta) of flowers may arise 
as the result of the oxidation of phenol brought 
aknit by an organic oxygen carrier ; contain 0, H, 0 

4. The benzidine-methylquinol-oxydase reaction (p. 128) provides an 
analogy with the Ild type of pigment formation, and suggests the hypothesis 
that the higher members of a flower colour series (see p. 129) owe their origin 
to the presence with the lower members of specific substances which, acting 
as receivers of oxygen, reduce the pigments characteristic of the lower 
members of the colour series, accept oxygen, therefrom, and thereby become 
oxidised to pigments of specific colour. 
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I. htirodudion. 

At the present moment the question whether or not there is a state of “ all 
or nothing” activity in reflex arcs seems to be raised, and it is one of 
importance to the future of investigation of the functions of the nervous 
system. 

Of the two views which may be held regarding the manner of the activity 
of reflex arcs one is that in which it is supposed that the efferent neurone 
may react with different degrees of intensity in different reflex activities, and 
that the afferent neurones may play with different degrees of intensity upon 
efferent neurones or upon interposed neurones. 

The other view, which seems now to be dawning, is one in which it is 
supposed that the efferent neurone has no grading in the intensity of its 
activity — it either reacts maximally or not at all ; and if this be demon- 
strated it may perhaps be inferred that the afferent neurones act in a mmilar 
manner — that is, that their activity is either " all or none.” 

It is obvious that, if either of these views is shown to be the correct one, 
the course of research will in the future be modified. 

II. Ths Experimental Evidence. 

There is, at present, little direct experimental evidence bearing upon the 
question of “ all or nothing ” activity in reflex arcs. 

* The expenses of this research have been defrayed by a grant from the Oarn^a 
Trust. 
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But in 1902 Gotoh* ahowed that the electric ot^aa of Malaptemrus, which 
ia served by a single efferent fibre, as compared with that of Torpedo, which is 
served by many fibres, has a much smaller range of reaoriona to reflex 
excitation. He yet states that within very restricted limits the organ shock 
is slightly augmented when an effective stimulus applied to its nerve is 
increased in intensity. He also notes that the initial shock reflexly evoked 
is variable in intensity, but he states that a considerable factor in this 
variation of intensity is probably fatigue of the nerve endings in the organ. 

There is, however, some evidence which seems to show that the efferent 
nerve fibre and tlie effector organ (skeletal muscle^ when stimulated 
artificially by faradic shocks may respond in an “ all or nothing ” manner to 
the peripheral stimulus. 

In 1905 Keith Lncasf showed that when the exciting current which is 
applied to the skeletal muscle of the frog is gradually increased in strei^h 
the contraction of that muscle increases, not pari passu, but in abrupt steps. 

Four years later the same investigator showed^ that in the frog’s cntaneus 
dorsi muscle, there is an “ all or nothing ” contraction of the muscle fibres in 
response to stimulation of the efferent nerve fibres — submaximal contraction 
of the whole muscle being due to a maximal contraction of less than the 
whole number of constituent muscle fibres. 

Y^szi, in 191 1,§ made a curious observation which seems to throw doubt 
upon the “ all or nothing " phenomenon in reflex conduction. He found, in 
the de-afiferented frog, that in the state of strychnine poisoning there is an 
“ all or nothing " contraction of gastrocnemius in response to stimulation of 
the cut afferent roots. A threshold stimulus evokes a maximum muscular 
response, But when this has fatigued by repetition of stimulation, a stronger 
stimulus again gives a maximum response. 

In the following year the same observerll came to the conclusion that the 
fresh amphibian efferent nerve-fibres follow the “ all or nothing ” rule ; but 
that when fatigued the value of the excitatory process varies with the value 
of the exciting stimulus. 

Slightly more recently Adrianf lias investigated this question. He finds 
that a propagated disturbance in the efferent nerve fibres of amphibian nerve 
which has been reduced in magnitude by passing through a region of 

* ‘ Joum. PhysioL,' 1802, voL 88, p. #96, 

+ • Joum, Physiol., * 1906, voL 38, p. 126, 

X ‘ Jonrp. Physiol.,’ 1909, voi 88, p 113. 
g * Zeitsohr. fUr allgem. PhyrioL,’ 1911, voL 12, p 868. 

II ‘Zeitaohr, fiir allgsm. PhysioL,’ 1912, voL 18, p 821. 
f ‘Joam. Physiol,' 1912, voL 46, p 889. 
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deerement regains its original size when it emerges into normal tissue. He 
points out that this favours the supposition that the relation between tiie 
disturbance and the strength of the evoking stimulus is of an “all or 
nothing ” character. 

Quite recently Mines* has given a description of experiments which suggest 
either that there is no gradation in the response of efferent amphibian nerve 
fibres to graded stunuli consisting of single induction shocks, or that the 
smallest excitation is capable of exciting any nenro-muscular synapse which 
can be excited by single impulses. 

These various experiments certainly seem to point to the conclusion that 
the response both of the peripheral efferent nerve fibres and of the muscle 
fibres of the skeletal muscles is of an “ all or nothing ” character when the 
exciting stimulus is an artificial electrical one. And there is a temptation 
to argue from this that the activity of the same efferent nerve fibres and 
skeletal muscle fibres in the less artificial reflex excitation is also of an 
“ all or nothing ” character. 

If this view be taken we must suppose the efferent neurone to discharge 
maximally or not at all. We must look at the reflex mechanism as one 
split longitudinally into units (as indeed we do look at it), which are. each 
either maximally active or inactive, but never of intermediate activity. We 
must suppose that the grading of the musoolar response is due to the differing 
proportions of its component unite which at any one time are in action. 
But we must even then admit that a certain sort of grading of activity may 
occur even in one efferent neurone — ^for it might be supposed that the 
discharges proceeding from it might vary in frequency. 

A subsidiary question is that of the possibility of a similar “ all or nothing " 
character in the activity of the afferent neurones. 

in. Objt(Mtma to “ AU or Notkmgnmy 

At first sight it might seem that a strong objection to the " all or none 
oliaracter of afferent activities is before our eyes on any clear and moonless 
night. The stars appear to be of very different brightness, although the 
size of their images upon the retina is almost infinitely small and, theoreti* 
cally at any rate, must be looked upon as stimulating only one retinal 
element each. It might seem that it is hardly possible to explain the 
number of distinguishable brightnesses as due to different numbers of retinal 
elements stimulated — for instance, ate as memy as ten stimulated in the 
case of a bright star, and as few as one in a star on the limit of visibility I 

* ‘Joum. Physiol.,’ 1818, voi 46, p. 1. 
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Plfttisible as this objeotioa to the “all or none” cbaiaoter of a cei^tKm 
specific afferent activity seems, it must be remembeted that tiie imperfections 
of the eye may condition irradiation and halation sufficient to allow of the 
explanation of the phenomenon on the “ all or nothing ” principle. 

But again, a wide range of touch sensations of different intensities may 
be obtained on stimulating the one point on the skin with stimuli (rf different 
values — and this even when the area of skin stimulated is supplied by a 
single afferent nerve. Here there seems to be no “ all or none ” response to 
graded stimulation. 

Yet again, Sherrington? found for the scratch-reflex of the spinal dog that 
a dozen or more grades in the reflex response might be obtained on graded 
punotiform stimulation of the same skin-point — ’that is, of the same afferent 
nerve fibre. 

These two latter observations seem to point very strongly to the conclusion 
that there must be a grading of the response, at any rate, in certain varieties 
of afferent nerve fibres of the mammal in reply to graded intensity of 
stimulation. And when we examine the possibility that the reflex discharge 
of the efferent neurone is of an “ all or none ’’ character certain difficulties 
are presented. 

In the first place we have Sherrington’sf statement that in a reflex 
response of the muscles of the hind limb of the mammal all the contractors 
are active in the minimal reaction, and that grading of the intensity of the 
reaction in response to grading of the intensity of the stimulus is accom- 
plished by an increase in the activity of each contractor. If, however, the 
ewtivity of each individual contractor is conditioned by a fractional aotivi^ 
of its fibres, it is, at any rate, strange that the thresholds of the most excitable 
fiBotions should be the same in all the contractors. 

Secondly — perhaps not a very grave difficulty — there is the question of 
“tonus.” This slight contraction on the “all or. none” theory must be 
looked upon as due to the activity of a few of the muscle fibres only. But 
no sagging or wrinkling is seen in parts of a tonically contracted muscle, 
and the pull of the muscle where the tendon is a broad one is not seen more 
at one side than another. 

Thirdly — end a more formidable difficulty — the “ l)eate ” of tlm scratch- 
reflex are usually “incomplete.” That is to say, the flexor (for instance) 
exhibits a aeries of partial relaxations and reconstitutions of contraction. 
These may be looked upon as oonditioned by a series of incomplete refractory 
phases. Kow under an “ all or nothing ” theory each partial telsxation must 

* ‘ Joura. niydolV 1906, vol. 84, p. 1. 
f i Joum. FhydoV 1810, voL 40, p. SB. 
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be looked upon as produced by the “complete" relaxation ixf a proportion 
of the muscle fibres — or by the “ complete ” inhibition of a proportdmi of the 
efibrent neurones. But Sherrington* has shown that the refractory phase 
extends over the whole centre — ^just as Zwaardemakerf showed tiie same 
phenomenon for deglutition. As regards this, the centre is therefore a unit, 
and in some manner innervated as a whole from each afferent neurcme. It 
is. however, impossible to suppose that each afferent comes into direct 
contact with each efferent in the mechanism ; and under any other supposi* 
tion it is extremely difficult to realise the meaning of this unity if the 
efferent discharges have an “ all or none ” oharaoter. 

lY. Methods here JSmplojfed. 

If a skeletal muscle exhibits a larger number of degrees of contraction 
than there are efferent nerve fibres running to it. there most be a very 
strong supposition that the refiex response has not an “all or none” 
character. In such a case the deduction from the result would not need to 
be influenced by the number of sifferent fibres stimalated. 

Unfortunately, the large number of efferent fibres which supply most of 
the skeletal muscles makes this experiment in their cases impossibla 
In the oat, however, a most beautiful muscle in the hind limb — tenuissimuB 
— seems almost to have been made for this experiment 
This muscle is a thin band of only 2 or 3 mm. in breadth, but many 
centimetres long. It arises from the caudal vertebrse at the root of the tail, 
and passes down deep in the thigh, until it ends in the leg by blending with 
tlie insertion of biceps. For the upper part of its length it lies near the 
great soiatio nerve, from which, near its middle, it receives its nerve supply. 
Occasionally it receives more than one nerve twig, and, in any case, its chief 
nerve divides into two branches (occasionally into more thmi two) b^ote 
it reaches the muscle. The number of nerve fibres in each of these branofaes 
is small. 

The cats used were decerebrate and low spinal. All the musoles of the 
left hind limb were destroyed by motor paralysis. In the right hind limb 
all were destroyed save tenuissimua The great soiatio nerve was ligatured 
after it had divided into external and internal popliteals. The bleeps musole 
was divided transversely to its length about the middle, and teouisBUnue 
was thus exposed. ' 

All but the uppermost of the branches of its motor nerve were sevmwd, 

* * Jouru. Physiol.,’ vol. 31, ‘Physiol. 8oo. Proo,,’ Jitaroh 19, 1904 ; ‘Joarn. PhysloL,' 
1906, voL 84, p. 1. 

+ ‘Archives Interaat. de Physiol.,’ 1904, voL I, P- !• 
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ftod tbd muscle was cut across a little below the point where its nerve 
reached it. A fine silk thread connected it to the recording lever. This 
was a fine heart lever pivoted on agate cups. 

A fine silk thread was placed loosely round the intact branch of the 
motor nerve. Electrodes were placed on the great sciatic nerve, as far as 
possible peripheral to the point where the motor nerve left it for tentiissimns. 
All the exposed surface was then covered, but tenuusunns itedf was left free 
and uncovered. 

The reflex stimulus — faradic shocks, 30 per second — was applied for one 
second every minute. The mechanical responses were recorded upon the 
slow drum, but sometimes every 10th response was recorded on a faster 
drum. The intensity of stimulation was varied by changing the angle 
between primary and secondary coils degree by degree ; sometimes also by 
sliding up the secondary millimetre by millimetre. In some cases the 
strength of stimulation was increased from a minimum, sometimes it was 
decreased from a maximum. Between stimuli the muscle was carefully 
covered up. 

V. Bmdts. 

The observations here described rarely lasted for less than an hour — during 
which time a reflex contraction was recorded every minute. In these 
circumstances it was found that a certain deterioration of the preparation 
occurred — so that a direct muscular contraction was smaller at the end of 
the series than was one taken with the same strength of stimulation at the 
commencement of the series. 

If a series of reflex contractions commenced with strong stimuli, and was 
continued with ever weaker stimuli, it is probable that a grading due to 
muscular “ fatigue ” might add itself to the true reflex grading. There 
might appear a lai^r number of ‘‘ steps” than were actually conditioned by 
a grading in the efferent nerve. 

In these experiments, therefore, the reflex stimuli were varied in the 
reverse order— that is, starting with subminimal stimuli, and gradually 
increasing the strength. Before and after each series a direct muscle 
contraction was registered, and, as in every case the contraction was 
smaller after the series, the number of different depress of reflex muscular 
contraction registered was possibly less than the actual number. That this 
was so was also shown by the fact that, at the commencement of each 
experiment, there was a greater range of reflex oontraotionB in a ‘‘quick” 
scries (that is, one in which the graded stimuli were of widely differing 
intensity) than in the subsequent “slow” aeoending series of reflex 
voi* iXMCva— » L 
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oontraotiouB, from which the estimation of the number of grades (d 
contraotioQ was made. 

At the end of each experiment a maximal reflex ccmtraotioa was 
registered. The remaining motor twig to tennissimas was then divided, and 
the same reflex stimulus was again applied. If there was no musonlar 
response it was assumed that that twig contained all the remidning motor 
fibres, and these were counted after staining with osmic acid. The number 
of different heights of reflex oontrsctitm was then counted and compared 
with the number of nerve fibres. Difl^ronces in height of under 0*6 mm. 
were neglected, and the heights were measured from the level of oontraotion 
which obtained at the commencement of each reflex contraction. 

The following table gives details of six experiments : — 


No, 

Fibreft. 

Qtadet. 

Kind ol •«FtM4 

1 

31^88 

27 

Atoending $erio9. 

S 

24-27 

47 

Dese&ndiag 0erie«. 

S 

48 

40 

Atoending teiriei. 



64 

PeiMtiding ««rles. 

4 

80 

1 ^ 

Afloetidmg Miieo. 

5 

48 

28(<l-21P) 

Atcending teriei (broken). 

6 

/ 

88 

81 

Afloending Mtiea. 


In Exi)eriment 5 the series was taken in groups. Thus first a group of 10 
closely graded stimuli was registered. The stimulus was then increased 
10 times more than the increase between each pair of elements of tins 
group, and a second closely graded group was registered. Again the etimulus 
was more greatly increased, and a third closely graded group was registered-- 
and 80 on. As in each group there were about seven different grades amongst 
the 10 contractions, and as there were three “gaps" it is reasonable to 
suppose that about 21 grades should be added. The difference in height 
between the end contraction of a group and the oommenoing oontraotion of 
the next group was nearly the same (being sometimes greater) than that 
Ijetween the initial and terminal oontraotaons of a group. 

It will be observed that there are more grades in a descending series than 
in an ascending one. If the least favourable kind of series— that is, the 
ascending — be taken, it is found that the number of grades of reflex OOU' 
traction corresponds fairly closely with the number of uorve fibres in the 
efferent nerve. It is sometimes a few more and sometimes a few less. 

If this be the case, then there are more grades of reflex ocmtraotiaa than 
there are efferent nerve fibres. 

For, in the first place, the presence of detoiioration of the motor response 
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probftbly means that there should have been more grades than were actually 
•recorded. 

And secondly, not all the fibres in the efferent nerve are eflbtent nerve 
fibres. A certain proportion of them are afiferent nerve fibres from the 
sensory end-organs in the muscle. If tenuisaimns oonforms to the ordinary 
rule, about two-thirds to one-half only of the fibres in the motor nerve are 
efferent — for that is the proportion which Sherrington* found for Ihe 
monkey and cat. 

VI. Conelimom. 

The experiments here described seem to show tliat the number of different 
mechanical responses with which a specific individual muscle (a flexor) 
answers certain reflex stimuli (ipsilateral flexion-prodneing) of distent 
intensities may be greater than the number of efferent fibres in the motor 
nerve. The differences in mechanical response are here measured by 
estimating the extent of the greatest shortening of the muscle during a reflex 
tetanus which lasts 1 sec. 

On the assumption that each difference in shortening of a greater extent 
than O’S mm. in the tracing as magnified by the lever is a measure of a 
different degree of reflex activity, it would seem that the activity evoked 
reflexly in the efferent nerve fibres here investigated has not an “all or 
none ” character ; and that the discharge of any efferent neurone may be 
graded in resonance with graded afferent stimuli. 

But it must be admitted that the mechanical response is a coarse indicator 
— even under the conditions here used. And it must further be admitted 
that even if there is a larger number of mechanical responses than is the 
number of efferent nerve fibres this does not of necesssity exclude the 
possibility of an “ all or none ” character in reflex efferent discharges. 

It is possible, for instance, to look upon the efferent part of a system as 
composed of three longitudinal parts — A, B, and C— each of which consists 
of efferent neurone and subservient muscle fibres. Three graded afferent 
stimuli might discharge; the first, A; the second, A-{-B; the third, 
A-t-B+C. In such an arrangement it would be expected that there would 
be three distinct and separable grades of mechanical response. But it is 
also possible that a series of graded afferent stimuli might discharge : tiie 
first, A ; the second, A+ B ; the third, A-bO (but not 6) ; the fourth, B+C 
(but not A); the fifth, A+B-f C. In euoh a case there would, therefore, 
be five poBsilfie mechanical responses if the muscular elemmita were of 
different <fifioiencies. This is certainly a possibility, hut it must appeal to ue 
at present as. Iieiag too artificial a possibility, 

* ‘ Jpum. Hijmiol.,’ 1884, voi 17, p. Sll. 
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It seems best at present, in view of tbe difficulties met with in assuming 
an “ all or none ” activity, at any rate, in oertain species of reflex arcs, to 
hold that the efferent neurones may discharge each with graded intensities. 

If that be the case then it must appear that there is an essential difference 
between the activity of efferent nerves aroused by artificial peripheral stimuli 
and those evoked reflexly through the centres. 

The question must arise whether this grading is one in which the 
amplitude of the discharge of each neuroike may be varied, or whether the 
grading is produced by different speeds of repetition of discharges, the 
amplitudes of which are not varied. 

In the latter case an explanation is offered only if the mechanical response 
varies with variation in tbe speed of repetition of nerve impulses. 

That this is indeed the case Mines* has recently given some evidence to 
show. He points oat that tbe ordinary explanations of the greater tension 
produced during tetanus than in single mosoular twitches do not meet the 
case. He notes, for instance, that the fact that the tension set up in 
amphibian muscle in response to more rapid stimuli is greater than that set 
up in response to lees rapid stimuli (which yet are sufficiently rapid just to 
give complete fusion) is not explained on the von Frey hypothesis. 

One more point. The aspect of the problem which here particularly 
interests us is the question of an " all or none ” response of tbe efferent 
neurone to graded reflex stimuli. Even in the case of peripheral stimulation 
there is little or no evidence of an “ all or none ” character of the response 
to graded stimuli of the efferent nerve fibre considered as a unit. A» 
Adriant himself points out, his experiments seem to show that certain 
longitudinal units of conduction are characterised in their activity by an 
" all or none ” response to graded stimuli, but there is nothing to show that 
these wits are the nerve fibres. 

If they are units of a smaller size than the nerve fibres tbe efferent 
neurone may still respond in a graded manner to graded stimuli, although 
the activity of the elements of the discharge may be distinguished by this 
“ all or none ” character. If this be the ease the discharge of the efferent 
neurone might be graded in "steps” from zero to its maximum. 

That either the reflex discharge of tbe efferent neurone has not the 
character of an " all or none ” response to graded stimuli, or that the longi* 
tudinal units, the activities of which possess the character of an " all or none ” 
response to graded stimuli, are smaller than the nerve fibre seems to be 
shown by the experiments here described for one specific reflex type. 

* ‘ Journ. Physiol.,’ 1013, vol. 4«, p. I. 

+ ‘Journ. Physiol,’ 1812, vol. 46, p. 888. 



Fractional Activity in Mammalian Bejlex Phenomena. 141 


The meohwioal reeponae of tenuissiinuB — » flexor m the hiiid limb of the 
oat — to graded reflex atimuU (tetani, lasting one second) seems under certain 
conditions to exhibit grades of difference greater in number than the number 
of efferent fibres in the motor nerve which supplies it. 

On the assumption that the differences here observed denote differences 
in the activity of reflex disobarges, this seems to show that the discharge of 
the efferent neurone in a specific type of reflex activity has not the character 
of an “ all or none ’’ response to graded stimuli. 

This does not, of course, exclude the possibility tlmt within the neurone 
there are units, the aotdvities of which have this character. 

Experiment 24.10.12 (No. 6 in table). Decerebrate Cat ; a record of the 
mechanical responses of right tenuissimus obtained in response to graded 
refiex stimulation of the right great sciatic nerve. Cat decerebrated 
10,45 A.M. 

The series was started at 11.27 a.m. The reactions are obtained in response 
to tetani lasting 1 sec. (rate of stimuli 30 per second), and they are taken 
every minute. The electrical stimuli are graded at first — with the primary 
and secondary induction coils 160 mm. apart — ^by rotating the secondary coil 
and thus diminishing the angle between its axis and that of the primary by 
1° for each reaction. Later in the series the electrical stimuli are graded by 
pushing the secondary coil 1 mm. nearer the primary for every reaction (the 
axes of the coils then are parallel). The series is broken into groups of 10, 
and between the groups the electrical stimulus was graded tenfold the grading 
between the elements of the group by 10“ or 10 mm. Between the five final 
reactions the grading is also of this order. Beneath each tenth reaction the 
value of the evoking stimulas (either in degrees divergence of the secondary 
axis at 160 mm. distanoe between coUs, or in millimettes distance of coils 
with axes in line) is recorded. 

In the first group there are at least eight different mechanical grades. 

In the second group there are at least seven different mechanical grades. 

In the third group there are at least seven different medhauical grades. 

In the fcui^h group there are at least five different mechanical gcades. 

For the filth group at least two more grades may be added. This gives 
a total of 8|t least 29 mechanical It can hardly be that about 

the same ptoportion ol gtades would have been preCent three 

intervala On tim asiumptioa that m each orthese iheam distinct 

grades the ii(n4 hWher of grad^ Quick ” 

seriag regi«deeM»d b^dre and n This 
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deterioration probably hinders the number of evident grades of contraction in 
such series. 
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At the end of this experiment the remaining nerve twig of tenniasimns was 
divided. Thereafter all reflex contraction was abolished and there were 
48 fibres in the twig. Of these probably not more than 32 were motor. 



In this experifflent, therefore, a ntnnber of motor Slopes #tkih probably did 
not exceed 32 conditioned reflexly a hmnber <irf difiOrent mef^anioal grades of 
contraction w^ch proi»b^ did not iSll short of 60; 
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Experiment, 28.10.12 (Ko. 6 in table). Low spinal cat, cord divided at 
11 A..M. A record similar to that reprodnoed in fig. 1, save that the series is 
complete. Series commenced at 12 o'clock, midday. 

For the purposes of the experiment the following reactions may be con- 
sidered to be of different grades: (marked by degrees) 1®, 0"; (marked by 
millimetres) 149, 148, 146, 147, 141, 144, 148, 142, 140, 139, 138, 137, 136, 
136, 134, 133, 132, 129, 130, 128, 127, 126, 123, 121, 117, 120, 118, 116, 100, 
90 = circa 32 grades. 

Before this series was taken a " quick ” series showed greater grading — 
between a minimum of SO*’ at 160 mm. and 90 nun. (coils in line). But in 
the figure the grading is over a range of about 150 to 90 mm. only. 

After the series here reproduced was taken the remaining intact branch of 
the motor nerve was ligatured. Thereafter no refiex contraction was evoked 
on stimulation with the strongest stimuli here used. It was later found that 
there were about 28 fibres in that branch of the nerve. Of these probably 
about nine were afferent fibres. 

Here, therefore, a number of grades which is probably about 30 was 
conditioned by the reflex activity of about 20 efferent nerve fibres. 
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I. Introduction. 

In the course of experiments in which the cerebral cortex of the monkey 
is stimulated, it is peculiarly noticeable that the activity of the cortex varies 
from time to time. That such variation should occur is by no means 
strange, in view of the difficulty of maintaining a constant depth of narcosis. 
But there are other variations which seemii^ly are not conditioned by 
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variation of depth of norcosie. Thus it not rarelj happens that^ Whon 'tha 
depth of narcosis is certainly a constant one, the motor eortex becomes 
suddenly inexcitable. This occurs, for instance, after a cortical disoharge, 
which is followed by " epileptic " after-discharge. But it also occurs without 
any apparent preceding cause. Thus suddenly the cortical excitability 
becomes abolished — at any rate, to practicable strengths of stimulation. 

This sudden loss of cortical excitability is a phenomenon of interest. It 
is accompanied by two marked states. Of these, the first is an anaemia of 
the cortex ; the second is a maintained postural contraction of certain of the 
muscles of the limbs. The aneemia seems to occur over the whole of the 
small area of cortex — pre-central and post-central — usually exposed in these 
experiments. It causes a sudden change in appearance from the “ raw ham " 
look of the cortex when it is in the most favourable condition for electrical 
stimulation to a pale “ dead ’’ look. The cortex blanches ; it may be surmised 
that it faints. 

The postural contraction of the muscles of the limb have most carefully 
been examined in the case of the contralateral arm. In that member the 
posture is one of flexion, The contraction of the flexors is a great one, and 
it may be an exaggeration of the slight postural contractions (both flexion 
and extension) which the arm always exhibits in changing degrees throughout 
these experiments. But, from these muscular activities, this state of greater 
contraction must be carefully distinguisbed. For, in the former, cortical 
stimulation is effective, and can abolish or augment the postural contraction ; 
but, in the latter case, the stimulation of the cortex is ineffective. 

When this curious phenomenon is examined, two points stand clearly out 
There occurs a postural activity of the flexor muscles of the oontraUteral 
arm, and this is accompanied by anemia and by inexcitability of the cortex. 
The similar state of inexoitability which is seen after post-stimulatory 
cortical epilepsy is also accompanied by blanching of the cortex, and often 
by maintained posture of the arm. 

From these facts the conclusion may be drawn that the postural activity of 
the limbs in this state is conditioned by the activity of certain of the lower 
centres. The question arises — which are these ? 

11. Iffthodt Employtd. 

The animali used iu the present experimente were email monkeya : Maoaetu thnui, 
itacaem Ctdlathrix^ CtrcooibvM ctthiojUt They were kept usoonioioue tliFoaghout 

the whole ex^riment, and until they were destroyed at its conolnsloa. The prooedures 
of deoerebration, removal of the cerebellum, etc., were perfmmied in U>e usual manuere. 

Stimulation of the various parts of the neuraxis was performed in the unipohu' method. 
Two unipolar electrodes were used iu order that two p<dnte lii^ht be iflmultuteously 
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•timtalftted. Theae 'w«re on different oircuite, and the two “ iudiffarent etaetoode* ** iMde 
necewary wete applied One to either foot. 

Stimnli^n of the peripheral nerves (ipailateral and eontralatenil nlnani in tlie arm) 
wa« performed in the usual bipolar method. 

For the pnoper examination of the movements of the arm in these experiments the 
movements of an extensor (humeral part of triceps hrachii) and of a flexor (snpnator 
longus) of the elbow were registered simultaneously. All the other muscles of tihe left 
arm and shoulder were destroyed- by motor paralysis. 

In the following descriptions the terms “ ipsilateral ” and “contralateral ” are used in 
reference to the left arm — ^the former therefore meaning (here) “ a point on the left side 
of the body,” and the latter “ a point on the right side.” 

III. The State of the Monkey after Decerdtration. 

After comparatively high deoerebratiou (that is, when the neuraxis is 
divided across slightly anterior to the anterior ccdlienli), or even when the 
division is through the anterior colliculi, the animal is not perfectly 
immobile. When the depth of narcosis has shallowed the eyelids are open, 
and sometimes wide open. Winking frequently occurs, and the eyes 
sometimes are moved. From time to time the animal slowly changes its 
posture, the movements being like those of normal sleep. Owing to the fact 
that the animal in these experiments has been carefully covered and propped 
in a definite posture for the recording of the arm movements, it is not easy 
to describe those postures accurately. But, if the attention is confined to 
the movements of the left arm, it is seen that slow postural flexion and 
extension occur from time to time. The flexor thus may slowly contract, 
and, haring reached its maximum of contraction, may there remain for 
many minutes if undisturbed. And, similarly, the extensor may at other 
times contract and remain contracted. The hind limbs may shew postural 
extension (Sherrington’s " decerebrate rigidity ”) and, idthough the state of 
the hind limbs has not systematically been examined, it has seemed that 
they tend more frequently to demonstrate the extensor rigidity than do the 
fore limbs. From time to time the head is uneasily moved, and the animal 
seems to react (by closing the eyes) to loud and sharp sounds — although my 
evidence on this point is not very clear. 

In short, the decerebrate monkey appears to be in a state which closely 
resembles that of light sleep, and the fact that, in this condition, these slow 
and maintained postutal activities of flexion and extension in the arm may 
occur alter deoerebration shews ooucJiuBively that they are conditioned by 
centres below those in the cerebrum. 
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IV. Electrical Stimulation of Eeffions in the Croee-eection of the Mid-hrain 
Dorsal to the Area of the Cortieo-spinal Tract. 

Unipolar stimulation of the oross-seetion of the mid-brain at the level of 
the anterior colliculi — when applied at a point in an area which lies dorsal 
to that of the cortico-spinal tract— gives a definite movement of the arms. 
The focal point in this area — that is, the most excitable point in it— lies 
ventral to the central canal. The area includes that of the nucleus ruber 
and of the posterior longitudinal bundle. 

Stimulation within this area upon one side of the mid-brain is accom- 
panied by the assumption of a definite posture on the part of the animal. 
The back of the head is twisted towards the same side and the face away 
from it, the neck is bent concave to the same side (sometimes the face seems 
to be turned to the same side). The arm of the same side is flexed, that of 
the opposite side is extended. The lower limb of the same side is extended 
and the opposite one flexed (but at one period in an experiment in which this 
was usually the case 1 observed the ipsilateral hind hmb to be flexed and 
the contralateral to be extended). The tail is bent to the same side. 1 have 
not been able carefully to examine the movements of the trunk. 

When stimulation has ceased the posture is maintained. Thus if the 
attention be directed to the movements of the arm muscles alone it is found 
that the ipsilateral flexion (or contralateral extension) may outlive the 
evoking stimulus for several. minutes. 

1. The Ipsilateral Beaction . — ^When the movements of individual muscles 
in the arm are examined {e^- fig. 2) it is found that stimulation of the 
ipsilateral area is immediately followed by a sharp flexor contraction. This 
soon attains a maximum at which it persists throughout the application of 
the stimulus. If extensor tonus is in being the flexor contraction is accom- 
panied by reciprocal extensor relaxation. Sometimes during a long applica- 
tion of the exciting stimulus an extensor contraction — accompanied by slow 
flexor relaxation — may appear late in the period of stimulation. On with- 
drawal of the stimulus there is usually no relaxation of the state of flexor 
contraction, which then may persist for many minutes. This is the typical 
reaction, and by far the most common. But flexor relaxation occasionally 
occurs at the termination of stimulation, and this may be followed by an 
extensor terminal contraction which is comparatively well maintained. All 
these types of reaction have been seen 10 mouths after the divisicm of all 
the posterior spinal roots supplying the left arm. 

2. The Contralateral Beaction . — The result of stimulation of the contra- 
lateral area is to evoke a contraction in the extensor muscle (e^. fig. 4). 
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Tliie is acoompftnlfid by racipi^l flexor relaxaition. if tonus at 

the commenoemsnt of BtioiQitttioo. The exte^r obntiiK);^ slow 

movement than the flexor contraction in the ipsiUteirall r«aoUi^ Having 
attained a maxinmtu tins perusts throngbout the period of stuainlation and 
is continued after termination of stimalation as extensor postural after- 
discharge. This is often as well maintained as tihe flexor atter'disctiarge in 
the ipsilateral reaction, but sometimes it dies away more rapidly. Occasion- 
ally augmented extensor contraction may be seen, and it Sometinies happens 
that the terminal phenomena oonsist of extemaor lelaxation and flexor 
rebound contraction. This is rare and has occurred when there was con- 
siderable flexor tonus in boing at the timed application of tihe. ipsilateral 
stimulus — although even in these circumstanoes extensor after*diaoha]^ is 
the moie common. The flexor rebound has been observed to change to 
extensor after-discharge after mesial longitudinal seotion of the mid-brain. 
Good after-di^arge may be seen in the " de-afferented ** condition. 

3. The SynehrcnumCompott/nding of ipailatered and Conirodateral Maidiom . — 
The two reactions may obviously be synchronously componnded in such a 
manner that the ipsilateral interrupts a contralateral “ background ” or tho 
contralateral an ipsilateral " background.” 

When compounded against an ipsilateral “ background ” (flexion) the effect 
of stimulation of the contralateral area (extension) is to produce relaxation 
of the " background " flexor contraction. This may be complete or it may be 
incomplete. When the relaxation is not complete it is found that stronger 
contralateral stimulation produces greater flexor relaxation during double 
stimulation. The flexor relaxation may be aooompanied by reciprocal 
extensor con traction — which is, however, not so great in extent as that, 
in the “pure ’’ contralateral reaction (fig. 1). On the other hand them may 
appear no extensor contraction during double stimulation-even when that, 
is present in the "pure” contralateral reaction. Although the extensor 
contraction is a slow one the flexor relaxation is a very rapid movement, but. 
the latency of flexor Relaxation is usually great. When the interrupting, 
oontralaterai stimulue is withdrawn and the ipsilateral stimulus is continued 
there occurs a restitution of flexor contraction. This is usaSUy a rapid 
movement even where there is a good extensor after-discharge in the contra- 
lateral reaction, The restituted flexor ccrntraotion may attain a level as 
great as that at the ooi^pondihg reaction 

(fig S, reaoti(m1‘ a*')' ipsilateral ” stimulus 

is followed bjr a flexor after^isoharge just as in the “ ptaro” reaction. In 
one instance an extensor terminal contraction and flexor terminal relaxation 
were seen. With the excepticm of the last {flrenommion and of extensor 
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Fio. 1.— Experiment M, XXIX, record 327, 8800 ; L9.13.*— rh^$* The record 
WM obtained 1 hour after decerebration, and minutee aher roeoKal longiiudihtkl 
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divinou of the mid*lbr«i|i« The letters (ordinatee A') denote the period 

of acimuUtion of the ipeUateral ^domi focsd pcdnt^ longitudiiuii 

bundle ?) in the eroee-eectton of the mid-bndn at the anteriiot* oeiliouli. The letters 
R-L {ki if -4^ ly in % eimilar menner denote oohtrakteral stimtiktion* The upper 
record registem oontreotion (up) and relaxation (down) of the elbow flexor*- 
supinator Icmgns, The lower record registers sisailar moveoMts of the elbow 
extensor**humeral head of trieefsu Below these are the signid lines and a time 
tracing which registers seconds. A mlUimetre scale is reproduoedi having been 
drawn upon the record before varnishing. 

The first reaction is an ipsikteral one. On withdrawal of the s^mulus the fiexor 
after*di 0 chaii^ is extiem 

The second reaotioa is a contrmlatsind one. Bxtensor conttsOtlcn^ oeoars. This is 
here accompanied hy abnoimal flexor oontraction-— not asnidly s^. %1iere k an 
extensor after^dischmge which is not marked, but a snd^ fixation of this 
is seen at the commoneeinent of the third reaction, vdiidh opens with ipeilateral 
reaction 

In the third reaction the two ifidmnli are <^mpoitnded syiwdironov^ with an 
ipsikteral ^Iwckground." In the phase of double stimulati^ (A, A'*/, f) there k 
extensor contraction and a partial and slight fiexor relaxatkm. la this phase small 
rhyidkinic irregiilaiities afo evident io the two records. These ime related to a 
slowing and deepening of respiration whkh then occurred. It will be observed that 
the extensor ocmtradtioa is less in extent than that of the ^ pniw ** kmtrakterai 
reaction (the secmnd motion of the record). On withdrawal of the oontralateral 
stimulus there bocnrs fiex(»r restitution extmisor itdaxation. ?*lexor after^ 
disdmi^ 0(xsoia on withdrawal of the ipsUateral background ” attihidus, and k 
much better sustained than that In the preceding pure ipsikteral reaction. 

In the fouithmeti<m of the record the background 
The ocmtralateral s^ the flexor after^iscfiiarge of the preceding 

reaction and eaases flexor ralai^on (at 4 Daring doable stimulation (p, 

4 A') there oooto a partikd and dis^t e^nsor rekxation accompanied 1^ red 
fiexor contrsoti^ Withdrawal of the tpmlateral stimulus k followed by fiexor 
relaxation ahd extensor restituti<m of oontraetion. Wiihdintral of the back- 
ground *’ contrakteral stimulus is followed by extensor af ter-discharge. 

Thk figure demonstrates the presence of fiexor after-discharge in the ipsikteral 
reaction and extensor after*discharge in the contrakteral ; of the effects of com- 
pounding the two in temporal auccession ; and of the effects of synchronous 
compounding with ipsikk^ and contrakteral *^bac^rounds,^ all after mesial 
longitudinal divkitm of the mid-kwin. 

contxaction duifing double stimulation all these points have been observed in 
the/* de-afferen^ ” condition as welLas in the ** normal.*' 

When compounded against a ooataalkteral "background” (extension) an 
mterrupting ipsikteral stimulus (flexion) evokes extensor rekxation and 
flexor contraction. Where the ifwiikteral stimulus is oompamtirely weak 
the extensor relation may be incomplete (fig. 2). Where stro^er it may 
be complete. Withdmwal of^ t^^ iUterrupting ipsiktend stimulus is acoom^ 
panied by a sh«3^ rekxation of the flexor oontraetion. This may occur even 
when there k a flexor after^isoharge in the ipsikteral reaction and when 
the contrakteral " bacl^ound stimulus is ineffective* The flexor rekxation 
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when the contralateral stimulus is effective may yet not be accompanied by 
restitution of extensor contraction. But that mtitution may occur (figs. 1, 2). 
It then is a slow movement and closely resembles the extensor contraction 
in the " pure contralateral reaction. Sometimes the flexor relaxation on 
withdrawal of the interruptitig ipaUateral stimulus is a dow one (figs. 1, 2). 
Occasionally the flexor contraction may even te sustained after withdrawal 
of the ipsilateral stimulus (fig. 8). In such cases the flexor oantraction is 


Fi«. 2.— -Experiment Sf, XXIX, record 327> 8855 ; niwutf. From the 

same experiment as flg. 1. This record was obtained 42 minutes after deoarebmtton 
and the mesianongitudmal division of the mid-brain. 

The tirst reaction ie here an ipsilateral one, and it is applied during the presence 
of an extensor tonus from a pi^eceding contralateral reaction. Chi stimulation 
extensor relaxation and flexor contraction occur. The ipsilateral reaction is 
followed by a good flexor after-discharge. 

The second reaction is a contralateral one. Here there occur flexor relaxation 
and extensor contraction. The extensor contraction is again rhythmically notched. 
The extensor after-discharge is not well marked. 

The third reaction is compound. The contralateral stimulus is first applied, and 
k then interj upted by an ipsilateral Baring double stimulation (fff p -A, A') there 
is flexor contraction and extensor relaxation. The latter is not to so low a level, 
and the former is not to so high a level as those in the " pure ipsilateral reaction, 
Withdrawal of the ipsilateral stimulus is followed by a slow flexor relaxation (it is 
UHvwAlly more rapid) and by extensor restitution cd contmrtion. 

Compare this figure with fig. 1 (after mesial longitudinal division of the mid- 
brain). Here the effects of compounding the two reactions synchronously and ia 
teinpoial succession are demonstrated as they occurred before the lesion. 
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not neually euBtained on withdrawal of the oontralateral ** background*' 
stimulus. Whete extensor restitution of contraction occurs the withdrawal 
of the contralateral stimulus is followed by extensor after^disd^arge. In one 



Fxo. B^<^Experiment XXIV, record Sll, SS6S ; The dorsal 

iifniial roots of the left (reoording) fore limb divided in May, 1912. A reaction 
obtained 44 minutes after decerebration. 

The first reaction (a) is a compound one with an ipsilateral “background.*^ 
During double stimulation there is fiexor relaxation) but no extensor contraction^ 
The latency of the fiexor relaxation is great. On withdrawal of the oontralateral 
stimulus there is fiexor restitution of oontiaction whidi occurs as a very sudden 
movement. On withdrawal of the ipsilateral “ background stimulus there is a 
marked fiexor after-discharge. The sudden drop in the fiexor after-discharge seen 
about 3 mm. before the final ordinate in reaction (a) occurred during a period of 
13 seconds in which the kymograph was stopped--it therefore represents a very 
slow movement. 

The second reaction (h) is a compound one in which the contralateral reaction is 
the “ background.*’ During double stimulation fiexor contraction and extensor 
relaxation occur. But on withdrawal of the ipsilateral interruirtihg stim (at 
4, it'} there c^tiaues a fiexor after-d^^ On withdrawal of ^ co^trak^^ 

“ baokgroimd stimultw this diaappe^ 

relaxation oocatred on withdrawal of the interrupting 
l^ilater^ them yet ocouixed flexor rebound on udthdrawal of the 

^ background ** stimulus. There the same phenomenon occurred 

M 
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in the *' par« " oontralateral reaction. With ngtad to the pbeaoineita desoxihed 
in this pari^raph there is little difihrenoe between the '‘de-«Attantisd^’ and 
the “ normal ” conditions. 

It thertfw^ appear that the phenomeiia obtained whcm two areas in 
the crQMHWotn^ of t^e closely 

resemtde those <d>tained when the hiOvehm^ of two antafasdets'^i^ 
to periphwd imrve Stimhl^ a«e exnt^ 

seems to ooonr, and the ooenr when interrapting 

Stimulus is withdrawn atti re f 

mate to those iseen niidm* ahoBdliv ooM^ in the peripheral Miaxes whets 
the " puSs " .Joa^aptW: altWSdbKhargck 

4. !I%e CoMpomdin^ ^ 

is ftiJh»wed by flexor t^ter- 

disohaife and the Oontrais^i^ 

may W Oompdnnddd in «^h mie the after* 

dischai^ of the other. B ie do^^ i[««tenwon) 

at onoe.ja^odhees S'yeiy •faasi>?l!Bh>SfSiioh-^^ of the 

i|«iiatarai lotion, emdacalat^ Sthandth im extensor 

after-dietdiatge 'isd^'in ;’h#^f.:^ "nt'-hnoe ' hashed 'ipsikteral 

Stimulus h> «hd # |flg, ^ if eontanh!^^ 1* 

or of ve^ short dotation ^era nta/ N h^ after- 

dischargei'.; If :^e;:ipsi}A'thral :4 weSh.\l9HOe' nsay-'^^^W^^ relaxa* 

tion of an extentKff aftet-^sdhatge, and this nmy thereafter be teSonStitu 
, 5, The Cfeo^pvpkioal Toeitim of ihe *' Focal FointT—Whea stimulation 
applied to one or other side of the oross-eeoiion of the mid-braon {^ves one 
or other of these reactions it is usually found that the area from which they 
may be obtained is oomparatively large. The mininud reaction may, how- 
ever, be localised to a comparotiyely small area. This uea (" focal point ”) 
lies about 3 to 4 nun. ventral to the dorsal surfSce of the mid-brain, and 
about 2 to 3 mm. from the mesial plane. The eurrounding parts tat 
iuexoitable, except, perhaps, those immediately between the focal point and 
the mesial plane. 

In one experiment in which decerebrarion was oomparativOty high'— the 
division of the neutaxis passing just or<d to the anterior 0(dUGndir--4he focal 
point was found to be mooh more ventral thaU rius, about 7>>8 mm. ftam the 
dorsal surface. The ipsilaterai reactiott was of the wmal tj)^. The oontra- 
latersl reaction gave relaxatum of a flextw after^iis(diitrg» (if (hat wra in 
being) and extensor contraction, but on withdrawing (he atimrdns ritete w 
at once sharp extensor relasmtion and a nuudted &Xbr xeboiuid e^troeti^ 
The mid-brain was then split in the mesial plane (the eeebion was found to ^ 



Atitivities ISi 

have pweed oat of tiae mesial plane hito the left half of the neataxis :^ 

the level of &e posterkar mlliottli). Imaaediets^ lhieiesl^ the local poiat 

was found to he in the usual more dorsal p|Ci«itlou> 

gave the usual a^ o<mti#ttatat i^^ 

as before, save '. that Iheie' ^snM' «arhed'.efXt«ii^ 

relKnmd contraotimu : . 


1. MeaieU Section 4h« ' 

'When the imctiOQs am obtaiu^ the d(H^ 

change in them after ^is lesion. Tim phenommia dso^;^ 'loarl^^ 
successive oompoundiQg jof tto tUro reaotlmui majr bis 1^^^ 

(figs. 1, 4). The moitability may be de^Mieed Bl%h4y« w 
unchanged, or it may even appear to be raised. The s^je^ 
in a case where the loader focal p<fiat. was effeotire havi W 
the previous section., .;':v 

2. Might Smi^t0Cli<m lif 1^ h 

GMieuii-~^Att>tx l^^ It is fot^ ihat the ipnlateral reaeti(^ 

left side of the itad-lmaiQ) is imitUpBii«d» but the coatndatmnd reueticsi (hama 
the right side pt the the level of the sendmee^)^^^^^^^ 

abolished. The oontralateral reMtion^ m^ at once be obtained by at&uulsdfpu 
of the caudal saifwm ofihh us^^ 

8. IHvmon ^ iA« iW»aid«i--^Thia was found W 

have no appreddlde eflbot vptm the reactionB and dmir ecmptmnd 
The experimente uima the e^ the eflhpts vpf 

removal of the whole of«Sbe^ 

4. Oom^pleU pxperuneiittf the 


oerebdUum has bate Aftm: this lemon theiw fo ^l^ 

no change in the tm# ?ci>tioni W^latepd 

reaction and es^a^ aftejti^iBCbMge the oontralateral, and the et^Kts td 
compounding the tph M is the usual one 


may hiet for 


Thereafter the flexor i 

atetai idhnulus bahig f^os^ ; 


/flexor .'axpatidi^t ' . tim'/;:extehsor/: aftapddinht^ /-atill'j 

periim^' 

inii^th^ t^ In ona^ the Cpntialataial reactiion reversed to 


flat^ph same strength of stimtiflua whidi before the removal gave 


m^^taphoh,-. 


The procedure of removal of the oerabelUun .bas been observed 
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to be followed by marked extensor tonus. In one case marked 0exor tonus 
was present immediately after the removal. 



6. Metnoml 0 / Mid-lrain . — In one experiment in whiob flexor after* 
discharge in the ipsilateral reaction outlasted for some time the removal of 
the cerebellum it was found that it also outlasted removed Of part of the 
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mid-brain, The extenaor contraction in the contralateral ration had 

disappeared, but the ipsilftteral waiV'nhtondte^:;' 

colliculi were then first removed. iKenor aite-diTO 

the ipsilateral reaction. If the dbntmlatetal stimalds 

this flexor after-diBohitgb them oectun^ flexor rekxation^w 

after the cessatitm of the ccmtmlatimd etlmnins. Whim ihe jk)^ 

colliculi were then remomd the flexor afte^HdimhaI^ in 

reaction was not clearly the noniaralateral effecm was not nbtai^^ 

(the contralateral reaction in teiq^onm aprpeated tn he icnie df 

flexion). When (he oral half |M)iis Yarolii was removed aftcn' a 

transverse section the imdtto stimnlatdon cd the ; 

ipsilateral area was not followed afmb^ts<^^ In another experi-. 

ment the flexor after-disohai^e had dlsappe^^ firom the ipmlatetal reaction 

after removal of the oerebenuid«:tM ii remained absent after forth^ removsd 

of the mid-brain. Heie also the appeared to be one of 

flexion. 

YL CfereM. 

It may be suggested that #e reenlm abom dee(»dbed m 
rate, be doe to stimtila^n ht the ornm c^hd 1^ a|nwa^ l^at 

this is not the owe is ehetra by two olniervataoiw. 

Of these, the first is the iaot that ' widi the strength of stimiiH need tlM 
ipsilateral enu (»»ebrilsiiiaxGitable as mgards^t^^^^^^ 
its own side of the body. Ithe 0^ orns is cocd^hlef 

mefltsof the elhevr phteined f^ ravariftlfl^ flexor 

the contralateral roeotiohs flrom the the orosB-senlion the iuB-1:^^ 
dorsal to it are of extendon. ftcrtber.^^^t^^ 
between the two. ^ ^ 

The second obwi'mition t^ movemmtts of firndmi ex^^ 
stimulation of the ocmtralateral mms am nnlilm obtained m etknidil^ 

of the ama in the ijMiiatet^ «ide of the oro^ 

orus flexion is almoet:'a^^ ";eIinBh8;'*deth^:'^'d^^ 

application of the atiihtdns^ ae ;tiiat''ile:mi^inmtnis:s^^ 
of cessation of stimulation. 
sudden mlaxation, so -that' '' 

VII. Comp<mtd 

In these experiments the efihcts of oompOUiad itiintflal^^ 
have been examined. Here them is not space to amntimi all of these, bat 
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the phenomena when crus is pitted against the excitable area which lies 
more dorsally in the cross-section of the mid-brain are of great interest. 

1. Immediate Compounding of Ctu» against Contralateral Beaetion. 
{ExUmion). — The crus reaction used was the typical contralateral flexion. 
In one experiment (“ de-afferented ”), where^^e “background ” of the 
compound reaction was that of the contralateral reuntiou (exteninon with 
extensor after-discharge) the interrupting crus reacts caused extensor 
relaxation aooompanied by flexor contraction of the t^peel crus type. 
Withdrawal of the crus stimulus gave flexor relaxation ehd reotmstitution 
of extensor oontraoticm. Withdrawal of the “ hacd^pxmmd” eon^^^ 
area stimulus was followed by the usual extenscnr aflter-dischaige. When 
the contralateral reaction is made to interrupt the mus reaolion a 

of the flexor oontreotion has been observed during doable s^nlntion. , 

2. Immediate Compounding gf Crus agadnd Ipjsilatergl Secuiion fMeanon ). — 
Here when the ipsilatord reaction serves as the “ baol^romad ’’ there occurs 
flexor augmentation of contraction when the interrupting crus etimulus is 
applied. On withdrawal of that stimulus again, the ipeilatend reaction still 
continuing, the flexor contraction remains augmented. The seheieguent after- 
discharge of Hte flexor on withdrawal of the “ background " ipsilateselr^ 
may remain at this level. 

3. Got^pmnding in Temporal Swesmon . — ^Wheu the ipulateral ration 

from the more dorsal excitable asea in the cross-section of the mid-braiu 
gives ft marked flexor after^^^ oontralateral orus etim^^ in 

then 4^>phed, augmentation (d flexor OQ]|tanction noay occur. Bt^, on 
withdiftvral of the crus sthnulus, there ie Mmediate and very suddea flexor 
rekxfttion---exaotly similar to that wfaioh follows a “pure*’ ocniaadateral 
crus iiteultts. ' !l%is phenotnenon is the more rmuarkahle in tikfd ht may 
occur where the flexor after-discharge after the ipsilateral reaction is of 
great extent and very great duration. It seems to indicate that the flexor 
relaxation after crus stimulation is, as it were, a positive phenomenon 
(fig. 6). This phenomenon has been observed in the " de-afferented ” 
condition. It has also been observed after removal of the oerebrilnm. 

yni. Stimvlodiem gf other Points in tAe Mid-hmin and JSmd-brain. 

In psesing, 1 should like to note some effects of the etuntdetion of other 
points in the hind-brain and tnid-brain. 

In one experunenti where the level of mrossHteotlDn in decerelmsticin was 
just above the anterior ooUbuH, a curious bilatexal kiok-like movement of 
the lower Umhe was obteined on stimulatian of a small area on either side of 
the orues-seothm. IMs was to the side and dorsal in position, and it is 
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possible that the reaction was a reflex in connection with the optical 
mechanism. 

In several experiments it was found that unipolar stimulation applied to a 
certain area on the ventral surface of the exposed fourth ventricle evoked 


Fig. 6.— Experiment M, X3tV, record 315, 8481 ; 1.4.13*— ifacacw# rkmis. All the 
dorsal spinal roots of the left (recording) fore limb divided in Ma^r, 1912. A record 
of the reactions from the ipsilateral area on the cross-section of the mid-brain and 
of the reactions from the contralateral crus cerebri obtained 1 hour and S minutes 
after decerebration. 

The first reaction (0*-P, ordinates is that from the oontralateral crus 

cerebri (A). It demonstrates the tj|ncai ** climbing ” form of the oontraotion, and 
the sudden relaxation on withdrawal of the exciting stimulus. {It was not possible 
to induce an after-discharge by repeated stimuli in aeries.] 

In the second reaction an ipsilateral ‘Vdorsal focal point ** stimulus is applied, and 
gives the usual flexion followed by flexer after-disdiarge in thk exiwrtoent that 
would last for several minutes if undisturbed. 

In the third reaction (B) the crus stimulus is repeated during this afier-dischargey 
It gives first a slight relaxation, and then an augmentation of flexor contraction. 
But, nevertheless, on withdrawal of the orus stimulus the sudden riilhxSation occurs 
as in the ** pui^e ” crus reaction. Hie flexor after-diw^rge is abolished 
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flexion of the ipsilater&l am. This area lay about 6 ram. above the tip of 
the oalamus and was near the mid-line. To stimnli of a strength which 
could evoke this, the surrounding regions were inert. 

Stimulation of the nuoleus cuneatus in the medulla oblongata gives 
flexion of the ipsilateral arm. Stimulation of the nucleus graoilis gives 
movements of the lower limbs. It has been found in some experinieiits that 
the flexion of the am evoked by stimulation of the ipsilateral nucleus 
cuneatus is followed by marked flexor after-discharge. This may ooour in 
response to very weak stimuli, and in those expeiimetuts iflre oeiebellum had 
been removed. The after-discharge has been found to disappear after 
removal of all in front of the medulla oblongata, and after removal of the 
mid-brain alone. 

IX. ConeluaioM. 

The " dorsal fooal point ” in the cross-section of the mid-brain — the 
results of stimnlation of which are here described -—oorreBpondB geographically 
with the cross-section of the posterior longitudinal bundle at that level. 
The “ ventral fooal point ” (described for one experiment) eorresponds 
geographically with the area of the nucleus ruber. The effective strength of 
stimulation of these areas is much greater than that neoessaiy to evoke 
reactions ftcnn the motor nuclei or from the nucleus cuneatus. 

In these oiroumstanoes there is a great risk of error due to spread of 
current. But the fact that the reaction from the dorsal fooal point is 
abolished after lateral semi-section of the mid-brain behind the point 
stimulated, and that the reaction may stUl be obtained from the caudal 
surface of the semi-seotion, makes it extremely probable that the phenomena 
here described are conditioned by stimulation of the posterior longitudinal 
bundle. That ^y are apparently unchanged after mesial longitudinal 
division of the mid-brain helps to confirm this view. Is it possible that 
the stimulation of the “ventral focal point” is stimulation of the rubro- 
spinal tract ? My evidence at present is quite insufficient to make this 
certain, but there are certain points of interest which may be noted. In the 
first place, the excitability of this point drops after mesial longitudinal 
division of the mid-brain, and this looks as if there was a decussation of the 
tract stimulated in the mid-brain itaelf. Another point which may be noted 
la that, whereas before this mesial longitudinal division the ipsUateral reaction 
of the ventral fooal point wae one of flexion, after that divisum it appeared 
to yield ipsilateral extonsion. As I have said, the evidence on Uria p(^t is 
quite inoomplete, but may the guess be hazarded that the crossed and 
nneuMsed portions of the rubro-spinal traot subserve diflferent hmotiona ? 

To turd again to the dorad local point (pcwterior to bundle?). 
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some phenomena of interest are presented. Of these the first is the 
characteristic tendency of the reactions to be followed by after-discharge 
(contralateral, extension ; ipsilateral, flexion). The reflexes evoked ore 
essentially postural. This attribute disappears neither after mesial longi- 
tudinal division of the mid-brain nor immediately after complete removal of 
the cerebellum. Postural tonus of a perfect maintenance may be evoked in 
the absence of the cerebellum by appropriate stimulation of these tracts. It 
is possible that their activity is one of the chief factors in the great postural 
reflexes, and that the cerebellum plays upon them but is not itself the 
originator of the postural after-dischai^a That the after-discharges do 
slowly disappear after removal of the cerebellum may be due either to shock 
or j^ierhaps to the removal of a function of the cerebellum in maintaining the 
proper activity of these paths and centres. 

The second point of interest is the mutual antagonisni of the right and left 
dorsal focal points. This, seen either in immediate or successive compound- 
ing of the two, does not disappear either after mesial longitudinal division of 
the mid-brain or after complete removal of the cerebellum. The point of 
common antagonism is below the mid-brain, and it may be surmised that it 
lies at as low a level as that of the spinal centres. 

A third point of interest is that the reactions — with their typical after- 
discharges — may occur many months after division of the dorsal spinal roots 
of the arm. That is to say, appropriate stimulation in the region of the mid- 
brain may evoke an extensor postural tonus or a flexor postural tonus. 
Sherrington has fonnd that the " decerebrate rigidity ” which occurs after 
removal of the cerebrum does not occur in a “ de-afferented ” limb, but the 
fact tlmt a condition which at any rate very closely resembles this state may 
be evoked in such limbs seems to point to the conclusion that the absence of 
this imstural tonus in the decerebrate " de-afim«nted ” animal is due to the 
failure of the ascending impulses from the limb which normally play— ^ 
however indirectly — upon these mechanisms of the mid-hmin, and that the 
mechanisms themselves if properly activated are still able to induce the 
tonus. 

One point more may be referred to— the activity of the cortioo-spinal tract. 
The activity of the posterior longitudinal bundle (7) seems essentially to be 
postural. That of the cortico-spinal tract seems essentially to be non-postural. 
When the stimulus is stopped the reaction at once fails, and lliat with gtMt 
suddenness. When the flexion reaction of the contralateral crus cerebri is 
pitted against the flexor after-discharge of tiie ipsllatertd dorsal focal point 
(posterior longitudinal bundle 7) the phenomena are oi great interesb Tbwe 
occurs during stimulation of the crus immediate augmentation of flexion, and 
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it might have been supposed that the flexor after-dischaige i^ained 
unimpaired after withdrawal of the crus stimulus. But this is not the ease. 
Immediate relaxation of flexor contraction occurs just as in a “pure "crus 
reaction. To this extent the crus flexion reaction seems to be antagonistic to 
the flexion reaction of the after-discharge in the dorsal focal point reaction. 
The non-poetural cerebral activity seems to abolish the postural mid-bnun 
activity and thus to leave, perhaps, a virgin field for any subsequent reaction. 


Synthesis hy Sunlight in Relationship to the Origin of Life. 
Synthesis of Formaldehyde from Carbon Dioxide and Water 
hy Inorganic Colloids acting as Transformers of Light 
Energy.* 

By Benjamik Moore, D.Sc., F.E.S., and T. A. Webster. 

(Received June 24, 1913.) 

(From the Johnston Bioohemioal Laboratory, University of liverpooL) 

At a discussion on the origin of life held by the joint sections of Zoology 
and Physiology of the British Association, at the Dundee Meeting, September, 
1912, it was suggested by Moore that tlie first step towards the origin of life 
must have been the synthesis of organic matter from inorganic by the agency 
of inorganic colloids acting as transformers or catalysts for radiant solar 
energy. This suggestion was amplified and explained in a book written in 
Kovember, 1912, by the same author.f 
It is important to emphasise the point that in considering the origin of 
life in a world containing inorganic matter only, the nutrition Of the first 
living structure on such a world must be carefully borne in mind. This 
observation is still true whether life is to be r^rded as arising de novo on 
the planet, or as being borne there from some other planet as a germ from 
pre-existent life. Ko living organism such as a bacterium or mould which 
did not possess the |)ower of transforming energy and of syntherising oiganic 

* The cost of materisle and apparatw for this researdi have in part bom dUNyed by 
a grant from the Government Grant Committee of the Boyal Society, and in part by a 
donation from Mr. William Johnston, of Liverpool. ' 
t IfiMre, 'The Origin and Ksture of life,’ pp. 161-163, Home Univereity Library. 
Wfiliatns aiDri Norgate, London. 
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from morganio matter could exist or fourieh in total absence of pre>formed 
'Organic matter and must inevitably perish. 

A substance acting as a transformer of %ht energy with aooompanying 
Synthesis of organic from inorganic matter now exists in our world, in 
chlorophyll, the green colouring matter of plants, and also allied bodies such 
as the blue-green colouring matter of tlie Oyanophyceee possess a similar 
power. But both these substances are exceedingly highly organised and 
complex, quite unsuitable by their nature to be thodght of as the first stage 
in the evolution of organic from inorganic matter at the dawning of life in 
a world hitherto devoid of anything oigauio. 

The protoplasm of the living cell alto is built up of the most complex 
organic compounds known to us such as could scarcely arise in an entirely 
inorganic world as the first step from inoiganic to organic matter. 

The first primeval step would appear to be indicated by the union of single 
crystalloidal inorganic molecules to form inorganic colloids, and that these 
meta-stable colloids acting on inorganic carbon compounds, suoli as carbon 
dioxide, in presence of water and sunlight, and taking energy from the 
sunlight, built up at first simple organic bodies, and now these in turn 
reacting with one another formed more and more complex organic compounds. 
In any such transformation external energy is necessary, because the reacting, 
bodies, carbon dioxide and water, are fully oxidised, and must be redwa^ 
with evolution of oxygen and uptake of energy in what is oall(|;d an 
endothermic reaction. To this reaction, the inorganic colloid plays the part 
of an activator or catalyst, the solar energy being converted into chemical 
energy of the organic compound, so serving as a reservoir of the energy 
necessary for the coming living oigauic world. 

It was first suggested by Boeyer* that the initial stage in the synthesis of 
organic matter from inorganic by the green plant consisted in a reaction of 
carbon dioxide and water to produce formaldehyde and oxygen, the energy 
for the endothermic reaction being supplied from the energy of the l%bt 
vibrations. This has been confirmed delicate reactions, for although the 
change is a transitory one, the formaldehyde being condensed into other 
organic substances as it is formed, yet colour reactions for aldehydes are known 
HO delicate that they will clearly indicate 1 part in 1,000,000 of aldehyde. 

Any accumulation of formaldehyde would rapidly kill the liring cell, and 
it is soon transformed into other products, bat the colour tests ate so dehoaite 
that its presence in traces has now been confirmed by several obeerver8.t 

• ' Berichte A. deut. chem. GeselUoh.,’ 1870 , vol. 3, p. 88. 

+ See especielly, Usher and Priestley, ‘ Roy. 800. Proc.,’ 1809 , B, vol. 77 , p. 388 . ifhere 
referenced to oth^F papers ar^ given. 
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Acting on the hypothesis outlined alxjve, experiments with a view to* 
testing the synthetic action of sunlight in presence of inorganic colloids were, 
commenced by us in Novemlter, 1911, but for over a year only negative 
results were obtained, on account of difficulties in adjusting proper conoen-. 
trations of solution, fleouring adequate illumination in vessels ipade of 
suitable material, and obtaining delicate enough methods for separating andi 
identifying formaldehyde. After overcoming these experimental difficulties,^ 
and with the aid of the brighter sunshine, a large number of positive results 
have been obtained, within the jiast few weeks, and the synthesis of formal-, 
dehyde under the conditions to be described below has been shown quite; 
unmistakably by all the usual colour-reactions for formaldehyde,. 

It has also been shown that it is the ultra-violet rays which' most, 
efifective. The use of quartz flasks as containers for the colloid, giv^s, with 
the same intensity of insolation, definite results in a much shorten period, and 
lately we have fotind that a “XJviol” mercury arc, in a “Uv^ol" glass 
protecting vessel, immersed in an outer wider cylinder of glass so as to. 
produce a thin layer of the colloid, through which the carbon f dioxide is, 
passed, gives quite clearly positive reactions for formaldehyde by all the 
colour tests, with an exposure to light of only four or five hours., 

The results are obtained either with colloidal hydrated ferric oxide, or* 
colloidal oxide of uranium, in exceedingly dilute solution. For example, in 
the case of uranium, 0*028 per cent, of the oxide, and, in the case of the iron, 
O'llS per cent, of ferric oxide were the concentrations used. 

Controls carried out in the absence of light gave no foraald^hyde, and all 
precautions were taken to exclude contamination in any way. The same 
point is shown by our earlier ipisucoessful experiments in whi^h the illumina- . 
tion was inadequate. 

Formaldehyde in small amounts has already been syn^tbcrised from 
inorganic sources in several reactions in which hydrogen, in the nascent 
condition, or adsorbed in palladium, has been present. But there is here 
chemical energy as such, presented by the hydrogen, and so, far. as we are 
aware there is no case known of utilisation of light energy by , ap inorganic . 
catalyst which does not itself become altereil in the reactions. 

Thug Bach* obtained formaldehyde from hydrogen-palladiipn and carbon 
dioxide, Fentonf obtained it by the action of carbon dioxide and water on 
metallic magnesiuin* and other observers have obtained it by the interaction 
of dilute sodium amalgam and moi^ carbon dioxide. 

The only experiment approaching more closely to our Own a$ recorded, 

* Eendua,^ 1008, voL iSC, pt 79* 

t *^oura. Chein Sok Trans.,’ 10O7j v6l 91, p 
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below is one devised by Bach,* and later repeated with modifioaticmB by 
Eulerf and by Usher and Prie8tl^.J 

Baoh passed a current of carbon dioxide through a solution of 1*6 per cent. 
crydeUloidal uraoiiun acetate, and in the presence of light obtained a 
precipitate of mixed oxides of uranium, which did not occur when light was 
excluded during che passage of the carbon dioxide. Be adduces no direct 
experimental evidence of the presence of formaldehyde in the solution, but 
makes the hypothesis that the carbonic acid by the action of light forms 
formaldehyde and per-carbouio add. Then the per>carbonic acid decomposes 
and fonns peroxide of uranium. Lastly, the formaldehyde attacks uranio 
oxide forming lower oxides recognisable by their colour in the precipitete 
of mixed oxide. In confirmation he shows that when peroxide of uraniUm 
and actually added formaldehyde are exposed to sunlight a reduction to lower 
oxide occurs with production first of a green and then a violet colour. 

It will be observed, first that the crystalloidal salt of uranium employed 
undergoes |)ermanent change, and secondly that there is no clear evidence of 
formation of formaldehyde, although our experiments recorded below show 
that Bach’s hypothesis is probably a correct one. All the experiment 
actually proves, however, is that acetate of uranium in crystalloidal solution, 
in presence of carbon dioxide and sunlight, is decomposed, jdelding a 
mixture of oxides of uranium. At the same time it is an important pioneer 
experiment in this field. 

In a later experiment, Bach obtained evidence of the formation of form- 
aldehyde by ex^KJsing to light a solution of dimetbylaniline in dilute 
sulphuric acid through which carbon dioxide was passed. Ihere is here, 
however, the objection of using an organic body as catalyst, although the 
reaction is interesting as a photo-synthesis. 

The same objection holds, as to the presence of the acetic acid anion in 
the uranium acetate solution used above, sinoe this might serve as a source 
of formaldehyde. 

A considerable increase in our knowledge was given in the papers of 
Usher and Priestley quoted above, in which they repeated and extended Bach’s 
exi>eriment. * 

The experiments of Bach were repeated and confirmed by these authors, 
both as to the production of peroxide and formaldehyde. The amount of 
decomposition obtained in three weeks in bright weather was extremely 
small, and this was ascribed to the poorness of the uranium as a catalyst, and 

* 'Comptes Kendu*,’ 1893, voL 116, p. 1X46. 

+ ' Berichte d. deut. chem. Oesellaoh.,’ 1904, Jahrgang 87, vd. fi, p. 3411. 

J ‘ Eoy. Soo. Proc,,' 1906, B, vol. 77, p. 3# } and 1906, B, voL 78, P »«• 



S^theaia bp SunligM in JReiatiomhiip ta the Origin of Id/e. 107 

the Qon-removal of the separated oxygen which remamed as uraxiituu 
peroxide and acted as a destructive agent upon the formaldehTde. 

The authors accordingly took tubes of Jena glass, cooled them in liquid 
air, passed in carbon dioxide, sealed, and .exposed for 24 hours, sm^nded 
outside a south window, in bright sunlight. A precipitate appeared after 
15 minutes' exposure, and in 24 hours the reaction was complete. The 
tubes on opening were found to contain uranium peroxide and formic acid, 
but no formaldehyde. 

Usher and Priestley then repeated their experiments using uranium 
sulphate instead of the acetate. Carbon dioxide was passed through a 2-per- 
cent, crystalloidal iiranium sulphate solution, and the solution was exposed 
to sunlight on a roof for nearly a fortnight. Several grammes of a precipitate 
of mixed oxides of itranium were obtained of a pale violet colour. The 
greater part was a mixture of uranous and ordinary uranic hydroxides 
soluble in acetic acid. The insoluble residue was a hydrate of uranium 
peroxide. The filtrate from all these mixed hydroxides was distilled and 
examined for formaldehyde. None, however, was found, though the liquid 
reduced Fehling's solution and silver nitrate. It was subsequently found to 
contain formic acid, the lead salt of which was prepared and identified. The 
undistilled residue was then evaporated down, and when nearly solid was 
repeatedly extracted with dry ether in order to remove any formic acid 
which had not evaporated. The residual solid was extracted with absolute 
alcohol, and the solution on evaporation left a small quantity of a brown 
syrup, bitter to the taste, which reduced Fehling's solution. It could not 
be proven that tlris formed an osazone, but it closely resembled in its 
properties a substance called “ methylenitan ” obtained by Butlerow from fonn- 
aldehyde and milk of lime. The body was obtained in minute amount only. 

This experiment constitutes a distinct advance, since the organic substances 
(formic acid and tlm body above mentioned) were obtained by the action of 
light on purely inorganic substances. 

The points still left against the results, from the aspect mentioned at the 
outset of the present paper, are that the catalyst is an extremely rare one 
in nature, that it was used in high concentration in crystalloidal solution, 
and that it underwent changes in itself and was precipitated as the result of 
the reaction. The fact that formic acid was obtained instead of fonnalde* 
hyde, looked at from our point of view, is relatively unimportant, since both 
ai'e prganio bodies of increased energy content. 

By the use of many times more dilute colloidal uranic hydroxide, we have 
bean able how to obtain formaldehyde, and this without predpitation or 
other visible change in our catalyst. Compared with a stronger solution of 
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crystalloidal nraniutn nitrate alongeide, and given the same exposure and 
general conditions, we have been able to show that the colloidal oondition is 
much more active in this photo-chemioal reaction. In this comparative 
experiment the crystalloidal uranium nitrate was precipitated while no. 
precipitation whatever occurred in the colloidal uranic hydroxide. 

Passing on, we have shown that similar photo-synthesis of organic £rom 
inorganic matter easily occurs with colloidal ferric hydrrncido, and by the 
use of the " Uviol ” mercury lamp we are enabled to experiment at all times 
and obtain synthetic results readily in a few hours, a consideration of some 
importance in working in a country where sunlight is so variable, and so 
often unavailable for days. 

The experiments with uranic hydroxide and ferric hydroxide were made 
concurrently in time, but for convenience we shall describe first the uranium 
experiments and then those with the ferric hydroxide. 

Photo-synthem "by Colloidal Uranic ffydroande. 

Method of Preparation of the Colloidal Solution. — A strong solution of 
uranium nitrate (approximately 10 per cent.) is taken and treated in the 
cold by adding a mturated solution of ammonium carbonate until the 
precipitate just ceases to re-diasolve. The solution is then filtered and 
dialysed in a tube of parchment paper for several days against running water; 
The greater part of the uranium is still in the crystalloidal state, and dialyses 
away at this stage. Great care is required in the first step to get the proper 
relative amount of ammonium carbonate ; also it is as well not to wait for 
the removal of the last traces of crystalloidal uranium, hut to take the- 
solution when it still gives a faint reaction with potassium ferrocyanide. 
The amount so left is, however, very minimal compared vrith the erystalbidall 
uranium solutions as used in the experiments recorded below, andl nearly alli 
the uranium at the end is present as colloidal uranic hydroxi^. 

This method is practically the same as that described by Graham^ lor the 
preparation of colloidal ferric hydroxide and as used in the preparation of 
our colloidal iron solutions. 

The amount of uranium in this solution was determined by evaporating a 
measured volume to dryness and weighing the residue, and was found to be- 
0'478 per cent, of UrsOs. 

In carrying out the photo-synthetic experiments this sointionf was either 
diluted 15- to 20-fold with distilled water and carbmi dioxide,, evolved frami 
marble and pure hydrochloric acid and washed by water ua a warih-bottle,. 
passed through in a slow stream, or it Vras diluted to tiie same: degree with 
distilled water previously saturated with carbon dioxide and eeided up- 
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lierinetioally in glass tubes, which were then exposed to such direct sunlight 
as was available on the flat roof of the laboratory. 

It will accordingly be observed that the concentration of the colloidal 
uranic hydroxide in the solutions actually exposed to the light was only 
0*024 to 0*036 per cent Tlie stock solution of the colloid had a pale lemon 
yellow colour, and the diluted solutions were almost colourless, showing just 
the ineirest trace of yellow colour, and the solutions throughout remained 
water clear. The <iolloidal solution is very sensitive, and is precipitated by 
traces of added csrystalloid. 

The test solution for aldehyde used in our earlier experiments was Sohiff's 
reagent, which consists of a dilute solution of fuchsin (about 1 per cent, in 
water) through which sulphur dioxide is passed until it is just decolorised. 
This reagent added in the proportion of 3 drops to 10 c.c. of a dilute 
formaldehyde solution shows the presence of the latter by a distinct pink 
coloration, developing in about half an hour at a dilution of 1 in 500,000. 

At a later stage our observations were confirmed by the Mulliken and 
Schryver tests. 

Mulliken’s test, as used by us, consists in adding two drops of a 3-per-cent, 
solution of gallic acid in absolute alcohol to 6 c.c. of strong sulphuric acid 
in u test-tube, and then pouring on the surface of this mixture 2 c.c, 
of the solution suspected to contain formaldehyiJe, when a light blue 
coloured ring develops at the junction and gradually penetmtes the sulphuric 
acid. 

Sohryveria test was carried out by preparing a 5-per-ceiit. solution of 
potassium ferrioyanide and a 1-per-oent. solution of phenylhydrazine hydro- 
chloride which was used as follows: — To 10 c.c. of the solution suspected of 
containing formaldehyde 2 c.c. of the phenylhydrazine solution is added, 
then 1 c.c, of the potassium ferrioyanide solution followed by 3 o.a of 
concentrated hydrochloric acid, when a pink coloration appears. If this is 
diluted with water it becomes colourless, this colourless solution is shaken 
with ether, and the ethereal solution which is not coloured is separated 
off. Finally the ethereal solution is shaken up with a few cubic centimetres 
of concentrated hydrochloric acid, when, if formaldehyde be present, a strong 
pink or carmine colour appears in the hydrochloric acid layer. 

All three of these colour tests for formaldehyde have been obtained on 
many occasions. 

JSkspertmmt L — 20 c.c. of dilute colloidal uranic hydroxide solutiou oontain- 
ing approximately 0*03 per cent of UrjOa was placed in a test-tube on the 
robf> and carbon dioxide generated in a Kipp, and washed as above described, 
vrm slowly bubbled through* The day was a bright sunny one (May 26, 

VQi^ nxxxvn,~B, n * 
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1913) and the experiment wa-s continued all day. Half of the solution was 
taken out, and of this the greater part was distilled off from the colloid. Tasted 
with Sohiff’s reagent this distillate gave a distinct pink coloration within 
half an hour. The remaining half of the colloidal solution was kept on tlia 
following day, which was also a bright sunny day, on the roof with carbon 
dioxide bubbling slowly through it, it was then tested in the same way 
for aldehyde, and gave a still stjronger reaction. Blanks were carried out 
with distilled water and the Schifif's reagent and the contrast was most 
marked, the distillate from the colloid exposed to light giving a deep pink, 
while the distilled water control remained colourless. 

JSxpei'immt IL — Thirty c.c. of the same dilute colloidal uranium solution was 
taken in a wide test-tube, saturated with carbon dioxide by bubbling the 
gas through, and then hermetically sealed. The tube was left resting on 
its side on the roof for two days, both of which had a good deal of bright 
sunshine. The contents of the tube showed no visible alteration or precipi- 
tation at the end of the period. The tube was now opened and about two- 
thirds of its contents were distilled off. The distillate tested with SohifTs 
reagent gives a marked formaldehyde reaction. 

Experiment III, — A soda-water syphon with a “ sparklet ” apparatus for 
charging with COs was taken, and in it were placed 600 c.c. of distilled water, 
30 C.C. of the stock colloidal uranium hydroxide solution, giving accordingly 
a concentration of 0*036 per cent, of UrsOs. 

This was charged with carbon dioxide from a ** sparklet bulb, and left 
on the roof for 13 days, of which 7 were bright days with strong sunlight. 
At the end of the period a portion was withdrawn and distilled. It gave 
strong positive reactions for formaldehyde with both Schiffs reagent and 
Schryver’s test. 

The stock solution of colloidal uranium hydroxide diluted equally and 
distilled without previous exposure to light gave negative results in both 
tests. 

Experimen t I V, Contrast of Action of Colloidal Urwnium and Orystalloidal 
Uranium., — Two glass tubes were taken of similar dimensions ; in the first 
were placed 20 c.c. of distilled water saturated with carbon dioxide from a 
“ sparklet ” syphon, and 2 c.c. of stock colloidal uranium hydroxide solution; 
in the otlier tube, 20 c.c. of the water charged with carbon dioxide from the 
same syj)hon and 0*2 c.c. of 20-per-oent. orystalloidal uranium nitrate 
solution. At the end of the experiment, by drying and incinerating a 
measured volume, the percentage of uranic oxide was determined, and it 
was found tliat the colloidal solution contained 0*041 per cent., and the 
cryatalloidal 0 08 per cent., so that the orystalloidal solution was epproxir 
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ttmtely double in conoentration that of the colloidal The two tubes were 
hermetically sealed and placed on the roof for six days, three of which had 
bright sunshine, the others very cloudy and raining. The two tubes were 
opened, and the contents separately distilled in a similar fashion. The 
distillate from the crystalloid showed negative results with the Sehiff s test, 
while the distillate from the colloid gave a most strongly marked positive 
reaction. 

Experinient V. Bhistrating th^ Necessity for Strong Direct Sunlight — Two 
solutions, one of colloidal uranic oxide, the other crystalloidal uranium 
nitrate of approximately equal concentration, were taken, of each 60 c.c., in 
a glass tube, and washed carbon dioxide was bubbled through each in a 
slow stream. These were exposed on the roof for two days. Both these 
days were dull with practically no sunshine; there was, however, fairly 
bright diffuse daylight The contents were then distilled as in the preceding 
experiments, but negative results were obtained in botli cases. 

Experiwent VI. — Four similar wide glass tubes were taken, and into each 
iVas introduced 30 o.c. of distilled water charged previously with carbon 
dioxide, and 2 c.c. of colloidal uranic oxide solution, containing 0*478 per 
cent of UraOg. Accordingly, the concentration of colloid in each case was 
approximately 0*03 per cent, or 3 in 10,000 parts. The four glass tubes 
were then sealed up hermetically and treated as follows : — 

1. The first tube was exposed on the roof to such sunlight as was available 
for six days, in four of which there was brilliant sunshine all day, 

2. The second tube was preserved for the same period in a dark cupboard 
in the laboratory. 

3. The third tube was immersed in a wider open glass tube containing a 
strong alcoholic solution of chlorophyll, so as to give a chlorophyll shade all 
round it, between it and the sunlight, and then the open tube was closed by a 
cork. This tube was then, thus sheathed, exposed to the sunlight on the 
roof alongside the first tube and for a similar period. 

4. The fourth tube was immersed in a 6-per-ceiit, solution of quinine 
sulphate in a similar manner to that described for tube JSTo. 3, and was then 
exposed in like manner to Nos. I and 3, and for the same period. 

The contents of the four tubes were distilled off in each case, and the four 
distillates were comparatively tested alongside one another, using the SchifTs 
and Mulliken's tests, 

The tube kept in the dark gave completely negative results, while all 
three exposed to the light (Nos. 1, 3, and 4) gave positive results ; the tube 
surrounded by chlorophyll (No. 3) was the strongest, and next was that 
surrounded by the quinine solution, both being more marked than the tube 

N 2 
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exposed to direct sunlight. But much more experimentation is reqinied 
here. There is, however, no doubt that aotive rays penetrate both ohlorophyll 
and quinine solutions, as the reactions were most distinct, and it appeared as 
if these solutions possibly had prevented the passage of rays with a slowixtg 
effect on the reaction. 

Expm/nMnt VII. Dilute Colloidal Uranic Oxide Solutima Exposed to Liffht 
from a “ Uviol ” Mercury Arc in a Tramparmt Quartz Test-tube. — 40 c.0. of 
a colloidal uranic oxide solution made by diluting the stock solution 16-fold, 
and so containing 0 03 per cent, of the colloid, were placed in a tube of 
transparent quartz, and after saturation with washed carbon dioxide from 
a Kipp apparatus were exposed about 2J inches from a “ Uviol ” mercury 
arc for the period during three days in which the lamp was lit, probably 
about 12 hours in all. At the end of the period the fluid was distilled and 
the distillate tested by Sohryver’s test. It gave a strongly marked reaction, 
corresponding to at least 1 part in 100,000 of formaldehyde. 

Photo-synthesis iy Colloidal Ferric Hydroxide. 

Preparation of Colloidal Solution. — The colloidal ferric hydroxide solution 
was prepared after the method originally given by Graham.* A strong 
solution of ferric chloride is taken, about 20 per cent., and to this a saturated 
solution of ammonium carbonate is added gradually with shaking so long as 
the precipitate first formed continues to dissolve. The solution is then 
dialysed for some days, 10 days or more, until the reaction for chloride 
becomes very faint. The solution so obtained is of a deep reddish brown 
colour, even in a 1 -per-cent, solution, and if converted back into the 
orystalloidal form by boiling with a drop or two of acid the change is 
remarkable, to a pale lemon yellow colour. At the dilutions used in the 
experiments below the colour scarcely shows when reduced to the crystal- 
loidal condition, but in the colloidal condition, even at this dilution, the 
solutions possess a deep sherry colour. The dilute solution in an ordinary 
small test-tube absorbs the blue of the spectrum completely, as shown by a 
pocket spectroscope. , When viewed by light transmitted from a " Uviol " 
mercury lamp, the solution viewed directly transmits a yellowish green light, 
and at the sides, reflected from the glass surfaces, there is a deep green 
fluorescence, which reminds one strongly of the fluorescence of a strong 
solution of chlorophyll. 

The colloidal iron solution so prepared is readily coagulated by boiling, 
and is most sensitive to added crystaltoids \ it is thrown out by 1 part in 

* ‘ PhiV. Trann,,' 1861, voL 161, p. 808. 
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1000 of axomoniuin carbonate, and a mere trace of deci-normal caustic soda 
throws it completely down. It is in a delicately reactive metewtable condi- 
tion, which reminds one forcibly, as it did Graham 50 years ago, of the 
proteins and the constituents of living cells. 

When set up in the “ Uviol ** apparatus and the transmitted light observed 
with a spectroscope, it is seen that the bright lines of the mercury arc 
spectrum in the blue and violet have entirely disappeared, and the only ones 
now visible are those of the red, orange, and green. An examination of the 
solar spectrum shows complete absorption of all higher wave-lengths than 
green. 

There is this difference between the solar and the mercury arc light 
absorption, that in the former there is a continuous 8j3ectmm absorbed from 
green onward, while in the mercury arc spectrum the absorption is that of 
three sets of wave-lengths, one at the junction of green and blue, the other 
far over in the blue, and the third in the violet portion of the visible 
spectrum. We have not hitherto been able to observe the absorption of the 
ultra-visible rays. The light energy from these definite wave-lengths of 
the spectrum seems, however, from the results recorded below, to be very 
eflFective for the particular synthesis under consideration. 

In describing the synthetic results with the ferric oxide colloid, a few 
earlier experiments made in glass vessels with rather poor daylight illumina- 
tion may be passed over, merely remarking that these led us on to the 
others in which unmistakable evidence of organic synthesis was obtained, 
and only the latter are here recorded. With sufficient illumination either 
with sunlight or the mercury arc spectrum, and especially when “ Uviol ” 
glass or quartz has been used, we have never failed to obtain clear evidence 
of synthesis. 

Ss^rimsnt L — A dilute solution of colloidal ferric hydroxide containing 
0*2 per cent, of FejOa, was placed in a thin blown flat-sided glass bottle, 
made like a wash-bottle with ground glass stoppers. A slow current of 
carbon dioxide, washed by passing through a wash-bottle containing water, 
after evolution from marble in a Kipp apimratus, was passed through the 
colloidal solution during two days of fairly bright sunshine on the laboratory 
roof. On distillation this gave a moderately strong positive reaction to the 
SohifiTs test. 

ASxjpertmmf //.“-A glass soda-water syphon with a ” sparklet apparatus 
attached was charged with 600 o.c. of distilled water and 5 o.p. of a colloidal 
ferric oxide solution, and after dilution oontaiued about 0*06 per cent, of 
colloidal fenic oxide, this was saturated with carbon dioxide by a sparklet 
bulb, and left on the roof for a period of 20 days, in which there were about 
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18 days of bright sunshine. At the end of the period, 40 ao. were withdrawn 
and distilled. A very distinct positive reaction for formaldehyde was obtained 
with Schryver’s test. 

JSxpertTneni III. Exposure to Sunliffht in Transparent SUioa Fla^-^A. 
colloidal solution of ferric hydroxide of a concentration of 0'14 per oeut., 
measuring 50 c.c., was placed in a silica hask through which carbon dioxide 
was passed, on the roof. The experiment lasted for two days, of which the 
first was dull, and the second almost continuous bright sunshine. On dis* 
tillation this gave a most marked positive reaction with SchifTs test, 
indicating from the short period of exposure that the reaction probably 
proceeds more rapidly in silica vessels which are more transient to the 
shorter wave-lengths of light. 

Ezperiiwnl IV. Expomre to Mercury Arc Lamp with Uviol Glass Shade . — 
A colloidal solution of ferric hydroxide diluted 1 in 20 from a stocdc 
solution of 2‘26 per cent., and henoe ccmtaining 0'113 per cent, of colloid, 
was placed in a wide 1000 o.o. measuring cylinder. In this glass cylinder 
was immersed a wide roiind-bottomed tube of “Uviol" glass of somewliat 
smaller diameter to serve as a protector between the heated lamp to be 
placed in the interior, and the surrounding fluid between the “ Uviol " tube 
and the outer cylinder of glass. The mercury lamp was then set going, and 
inserted in the centre of the “ Uviol ” glass protecting tube. The mercury 
lamp tube, also of " Uviol” glass, had a diameter of 3 cm. approximately, the 
protecting tube a diameter of 5‘4 cm. externally, and the outer glass cylinder 
cm internal diameter of about 6*2 cm. The light generated at a distance of 
about 2 cm., after passing two thicknesses of “ Uviol ” glass and a layer of air 
of somewhat less ttian a centimetre, passed through a layer of the colloidal 
solution about 4 to 5 mm, thick and then reached the outer glass vessel. On 
account of the rounded bottom of the “ Uviol ” protecting tube there was 
a certain considerable volume of the solution at the bottom not so well 
illuminated. The total volume of colloidal solution at the bottom and in the 
annular space between the two tubes was approximately 300 o.c. 

A slow steady stream of washed carbon dioxide was passed through the 
colloidal solution. 

After about half-an-hour’s running the colloidal solution became too warm 
and began to coagulate, so the current was switched off and the lamp allowed 
to cool. The whole was then immersed in a wide square-sided glass jar of 
about 17 litres capacity through which a stream of cold water was ocm- 
tinuously circulated. The lamp was now re-lit and kept going for a period of 
2 hours, making 2^ hours of illumination in all In this first experiment 
with the " Uviol ’’ apparatus, the colloidal solaticm had coagulated at the end 
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btit this did not happen in later experiments when ^the heat was better 
regulated. 

The colloidal solution was removed and tested for formaldehyde in two 
ways. One portion was distilled as in the previously recorded experiments 
and the distillate gave a most marked positive reaction with Schiflf*8 reagent 
— a deep pink coloration, A second part was simply filtered off from the 
coagulated iron precipitate, and at once tested. It also gave a marked 
positive reaction both with SohifiF's and Mulliken's tests. 

Exptrimmit V , — An experiment of the same type as the preceding one, 
A colloidal solution of 1 in 20 of the same stock solution was taken, and 
exposed to the mercury arc light as before. Illuminated during two periods 
of 65 minutes and 2 hours 50 minutes, respectively, making 3 hours 
45 miiuites iii all. Part of the solution distilled off gives a distinct positive 
reaction with SohifF's test. Another portion coagulated by boiling, and 
filtered from iron, but not distilled, gives a positive reaction with gallic acid 
and concentrated sulphuric acid (MulUken's test). 

The experiment was continued next day from 10.16 A.M. till 2.15 p.M, ; 
at the end of this 4 hours' period the solution coagulated, owing to a failure 
in the water circulation and the temperature rising. Tlie coagulated fluid 
was filtered and the filtrate tested, it gave a marked positive efleot with 
SchifTs test and also a positive result with Mulliken’s test, a trace of iron 
left over interfered with the Sohryver test, but on distillation this also was 
obtained. 

S3(!fm%ifrierU VL — Tliis was conducted similarly to the above experi- 
ments IV and V for a period of 1 hour and 40 minutes. Then a trace of 
ammonium carbonate amounting to only 1 part in 1000 was added with the 
view of forming hexomethylenetetramiu and so concentrating the formalde- 
hyde, but even this trace coagulated the solution. 

The experiment was, however, continued for 5^ hours additional. A small 
portion was acidified and distilled. The distillate gave a marked positive 
reaction with Schryver'a test. 

VIL — A dilute colloidal solution of ferric hydroxide (1 in 16) 
of stock solution, equivalent to 0’13 per cent, of ferric oxide, was exposed 
after saturation with carbon dioxide, in a silica test-tube 3 inches away from 
the mercury arc, during the time the lamp was lit on three days, probably 
about 12 hours in all. ^ A most marked reaction to all tests. The reaction 
quantitatively is slightly less than the uranium effect, see Experiment VII 
of previous section, and throughout it appears that the uranium catalyst is 
somewhat more* powerful than the ferric catalyst. 
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Coindusions, 

Organic matter (aldehyde) has been synthesised from inorganic colloidal 
uranic and ferric hydroxides in very dilute solution. These colloids act as 
catalysts for light enei^, converting it into chemical energy in a reduction 
process similar to the first stage of synthesis of organic from inorganic 
substances in the green plant by the agency of chlorophyll 

Such a synthesis occurring in nature probably forms the first step in the 
origin of life. For chlorophyll and protoplasm are substances of far too 
complex chemical constitution to be regarded as the first step in the evolution 
of the organic from the inorganic. 

Without the presence of organic material, when life was arising in the 
world, any continuance of life would, however, be impossible. 

The process of evolution of simple organic substances having once begun, 
as now experimentally demonstrated, substances of more and more complex 
organic nature would arise from these with additional uptake of energy. 
Later, organic colloids would be formed, possessing meta-stable properties, 
and these would begin to show the properties possessed by living matter 
of balanced equilibrium, and up-and-down energy transformations following 
Variations in environment. 

There can be little question that such energy changes as are above described 
occur at present, and are leading always to fresh evolutions of more complex 
oi'ganic substances, and so towards life, and equally is it true that they must 
occur on any planet containing the necessary elomonts for the evolution of 
inorganic colloids and exposed to light energy under suitable conditions of 
environment. 
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The effect of iutravascular injection of the venom of the Australian 
black snake {Notechis porj)hyTiacm) upon blood coagulation was studied by 
C. J. Martin,* who, noticing the similarity of the resulting changes with those 
described by Wooldridge, f after intravascular injection of “ tissue fibrinogen/' 
inferred that in both cases the mechanism involved was the same, namely, 
the introduction of nuoleo-proteins into the blood stream, the liberation of 
these substances after the injection of viper venom being presumably due 
to the latter damaging the endothelial cells of the blood-vessels. 

Subsequently it was observed by LainbJ that the addition of viper venom 
to citrated or oxalated blood plasma also caused clotting. Martin§ therefore 
abandoned the explanation he had previously suggested and concluded that 
the coagulant action of viper venom was due to fibrin ferment. 

The subject was later reinvestigated by J. Mellanby,l| who recognised that 

* C. J. Martin, “On acme Effects upon the Blood produce<i by the Venom of the 
Australian Black Snake/' * Journ, Physiol,’ 1893, vol 15, p. 380 ; “ On the Physiological 
Action of the Venom of the Australian Black Snake/’ ‘Boy. Soc. N.S,W. Proc./ 1895 ; 

Biiboutaneous and .Intravenous Injection of the Venoms of the Australian Snakea/' 
*Roy. Soc. N.S.W. Proc./ 1896. 

t L. C. Wooldridge, “On the Origin of the Fibrin Ferment/’ *Boy. Soc. Proc,,’ 1684, 
vol 36, p. 417. 

t O. Lamb, “On the Actions of Vonoma of the Cobra tripudims) and of the 

Daboia {Dahoia ruw^lUi) on the Red Blood Coipusclea and on the Blood Plasma,” 
* Scientific Memoirs by Officers of the Medical and Sanitary Department of the Govern- 
ment of India,’ 1903, New Series, No. 4. 

§ C. J. Maitin, “Observations upon Fibrin Ferments in the Venoms of Snakes and the 
Time Belations of their Action/’ * Journ, Physiol/ 1905, vol 32, p. 207. 

< II j. Mellaaby, “The Ooagulation of the Blood, Part II,” * Journ. Physiol,* 1909, 
vol 38, > 441. 
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the nucleo-profcein invoked in the earlier hypothesis of 0. J. Martin would, 
in more modern terminology, be called thrombokinase. Mellauby conoluded 
from his observations that viper venoms did not contain fibrin ferment, but 
that the active blood-coagulating agent contained in these venoms consisted 
of pure thrombokinase. He based this conclusion upon the circumstance that 
(1) the coagulant effect of viper venom upon fibriiiogen is increased by the 
addition of calcium chloride, and (2) that when venom is allowed to act upon 
prothrombin (in the absence of added calcium chloride or in presence of 
potassium oxalate) fibrin ferment is produced. As regards (1) it may be 
pointed out that, as shown by Bordet and Delange,* the action of fibrin 
ferment upon fluid blood plasma is increased in the presence of calcium 
chloride. 

With a view of throwing additional light upon the problem whether the 
coagulant action of viper venom is due to thrombin or thrombokinase, it was 
determined to investigate further the action of heated and unheated venom 
upon circulating blood plasma. Before proceeding to describe the experiments 
made with viper venom it will, however, be necessary to consider the action 
of heat upon thrombin and thrombokinase respectively, and also to refer to the 
effect, in respect of production of fibrin, of the injection of these substances 
into the blood stream, 

In Older to obtain a solution of thrombin fibrinogen was coagulated by a 
small amount of thrombokinase in presence of calcium chloride ; the fluid 
expressed from the ooagulum furnished a supply of thrombin. As source of 
thrombokinase red-cell stromata were used in most experiments; less 
frequently peptone was employed. 

The venom employed was that of the phoorsa, Echi$ cariiudus. For a 
supply of this venom I am indebted to the great kindness of Dr. C. J, Martin^ 
to whom my beat thanks are due for his generous gift. 

Action of Thrombin and ThromboMmue upon Girculating Blood Plamum, 

The coagulant effect of thrombin and thrombokinase is usually tested 
in vitro. For this purpose a solution of fibrinogen is generally employed ; 
less frequently fluid blood plasma is used. It has, however, been pointed out 
in a previous communicationf that the action of blood coagulants may be 
studied more conveniently by intravascular injection, for if, after injectioni, 
separation of fibrin occurs, this can be recognised by the presence of masses 

^ J. Bor-det aud L. Dolange, ** La Coagulation du Sang et la Geu^ss de la Thrombma,'* 
' Annalea de llnatitut Pasteur,’ ISIS, vol. 86, p. 657. 

t J. 0. Wakelin Barratt, “On Fibrinaemia,*’ ‘Jonm. Patiiiol. and Bacterid./ 19l3i> 
voJ. 17, p. 803. 
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of fibrin in the blood-veBsels, particularly of the lun^. THiia method has 
been adopted in the present investigation. 

The injection of a solution of thrombin was oarried out after the manner of 
the following experiment : — 

Mcjjeriment 1. — A solution of fibrinogen measuring 16 o.c. was prepared, as 
described in the next section, from 16 c.c. of rabbit’s blood plasma. To this 
12 c.c. of a suspension of the red-cell stromata of the rabbit* wa.s added, 
together with T2 c.o. of 0 6-per-oent. calcium chloride solution. A firm clot 
Was formed at the end of 30 minutes at 37° C. After the lapse of a fnrther 
period of 60 minutes 17 c.c. of fluid was expressed from the clot by means of 
a glass rod ; this was injected into the vein of the ear of a rabbit weighing 
850 grm. At the end of injection, which occupied nine minutes, the animal 
became convulsed and died four minutes after the completion of injection. 
A post-mortem examination was made without delay : the blood in the heart 
and great blood-vessels was fluid ; the coagulation time of blood taken from 
the heart was two minutes ; 4 c.c. of blood obtained on opening the heart 
coagulated slowly at room temperature, forming a moderately firm dot, which 
had retracted to about the normal extent next morning ; the lungs collapsed 
rapidly upon opening tlie chest. 

When sections of the lung are made after intravenous injection of thrombin, 
fibrin masses are found in the blood-vessels in amount depending upon the 
quantity of thrombin injected, but in no ease are fibrin masses observed in 
more than a small number of the blood vessels. The appearance of the fibrin, 
which is illustrated elsewhere, f varies considerably, being obviously in part 
determined by the time elapsing between injection and death. Sometimes, 
though rarely, u very fine network is seen, resembling that observed when 
a section is made of a clot formed in a solution of fibrinogen after the 
addition of thrombin, or of thrombokinase and calcium chloride, as in the 
experiments recorded in the next section. More usually an irregular coarse 
network is seen, resulting from the contraction or compression in the 
blood stream of the delicate fibrils first formed, the process being com- 
parable to that occurring when blood is wliipped. Frequently the change 
is oarried a step further and dense masses of fibrin of varying size are 
seen, sometimes forming irregular plugs partly filling the arterioles, some- 
times in the form of threads of varying length in the capillaries. It is 
found that after the injection of large quantities of thrombin the amount 
Of fibrin obtainable when blood collated from the heart is allowed to 

* Experiment 2, p. 180. 
f J. 0. Wakelin Barratt, /<>c. 
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coagulate ia markedly reduced in amount, aometimes the blood remaining 
permanently liquid in such oaaes the quantity of fibrin in the blood 
vessels of the lungs is conspicuous. If> however, the amount of thrombin 
injected is small some difficulty may be experienced in finding fibrin in 
the pulmonary vessels, even though symptoms of illness, generally not 
severe, have followed injection. In the viscera, other than the lungs, fibrin 
is less readily observed and not infrequently appears to be absent 

When the coagulant action of thrombin in vitro is compared with that 
following upon its injection into the blood stream, it is obvious that the 
process is essentially the same in botli cases, such differences as appear being 
due to the churning action of the circulatory movement of the blood 
causing condensation of the delicate fibrin fibrils first formed, and thus 
leading to the appearance of solid masses of fibrin of varying size. 

The injection of thrombokinase, contained in a suspension of the led-cell 
stromata of the rabbit, f was effected in a series of observations carried out 
after the following method : — 

ExperiTTvent 2. — Oxalated rabbit’s blood was centrifugalised until the red 
cells were completely precipitated. After pipetting off the supernatant 
plasma the red cells were twice washed with- 0'85-per-cont. sodium chloride 
solution, and were then laked by the addition of an equal volume of 
distilled water. Solid sodium chloride was then added in amount necessary 
to form 0'85 per cent, of the distilled water employed and the liquid again 
centrifugalised, whereby the red-cell stromata were precipitated. After 
pipetting off the supernatant solution of hicmoglobin 0'86-per-cent, sodium 
chloride solution was added in the amount required to make up the original 
volmne. The resulting liquid, which contained the red-oell stromata, 
togetlier with approximately half the amount of hsemoglobin present before 
laking,! served as source of thrombokinase. Of this liquid 6 c.c, were now 
injected in the course? of three minutes into the vein of the ear of a 
rabbit weighing 1005 gnm At the end of injection the animal appeared 
to be unaffected. Shortly afterw'ards, however, it became convulsed, 
respiration failed, and death occurred at the end of 10 minutes. On 

* When thia ia obaerved, the addition of thrombin faila to produce dotting in vwfro. 

t The coagulant action of a auepension of red-cell stromata upon fibrinogen m vitro 
is oxhibittxl in the next section (p. 186). 

X More hfiemoglobiu may be removed from the stromata by repeated washing with 
0’S6-per-cenk. sodium cliloxide. If this is done, larger amounts of stmmata may require 
to be injected in order to cause death. The dissolved hemoglobin does not appear to 
give rise to any recognisable ill effect. Op. J, O. Wakelin Barratt and W. Yorke, “ fleber 
Emoglobiniimie,” ‘ Zeitschr. f, Immumt^tsforschung u. exp Therapie,* 1912, vol. 12, 
pm 
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opening the chest immediately after death the lungs were observed to 
collapse rapidly ; blood obtained from the heart clotted slowly at room 
temperature ; no clots were found in the heart and great blood* vessels. 

On microscopical examination of sections of the viscera of rabbits which 
had received by intravenous injection lethal amounts of red^oell stromata, 
fibrin masses were sometimes, but not invariably, found in the blood-vessels 
of the lungs, being present in very sparse numbers, even though relatively 
large quantities of stromata much as is obtainable from 4 c.c. to 12 c.c. 

of rabbit's red cells per kilogramme of body weight of the animal injected) 
were introduced. It is to be noted also that no obviously defective formation 
of fibrin in blood obtained from the heart could be observed, clotting generally 
resulting in the formation of a firm coaguluni retracting normally in the 
course of 24 hours ; occasionally, however, the clot formed was distinctly soft. 
Coagulation was usually delayed, the period of onset of coagulation at 37® C. 
being one to six minutes.* 

The intravascular injection of thrombokinase in the form of peptone was 
carried out in a series of experiments of which the following is an example: — 

Eu^crimeiU 3. — Into the vein of the ear of a rabbit weighing 642 grm., 
24 C.C. of a 9-per-cent, solution of Witte's peptonet (the solution was 
observed to be alkaline to litmus paper) was injected at the rate of 2 c.c, per 
minute ; 10 minutes after the completion of injection 5 c.o. of blood were 
removed from the internal carotid artery ; the blood remained fluid at the 
end of 50 minutes at room temperature (17® C.),but at the end of 70 minutes 
a soft clot had formed which after 2 hours had become firm and was found 
to be considerably retracted j 2 c.c. of blood removed from the vein of the 
ear shortly before injection formed a firm clot at the end of 12 minutes. 

On microscopical examination of the viscera of’ rabbits killed 6 to 
80 minutes after intravenous injection of a solution of peptone no fibrin 
masses were found in the blood-vessels of the lungs or elsewhere. No 
obvious defect of fibrinogen was observable after the injection of peptone, 
the blood clotting slowly, but after a time forming a firm coagulum, which 
retracted to about the normal extent The amount of peptone (which it 
should be noted was not prepared from the flesh of the rabbit) injected in 
these experiments ranged from 0*3 to 7*3 grm. per kilogramme of body 
weight Blood obtained from the internal carotid artery 10 to 20 minutes 
after injection was in no ease permanently liquid, though as already 

♦ jr. 0. W. B&rratt and W. Yorke, loe. cit 

+ This amount oorresponds to 4 grm. of peptone per kilogramme body weight 
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mentioned coagulation was delayed, the onset occurring at room temperatture 
in 26 to 60 minutes, the normal period being about 15 minutes. 

The effect of peptone upon the coagulability of the blood was further 
studied in rabbits in a series of experiments in which blood was withdrawn 
by means of a paraffined cannula from the internal carotid artery, about 
6 minutes after intravenous injection of peptone, and received into; (1) a 
pai^ffined tube ; (2) a second paraffined tube ; and (3) a glass tube not 
paraffined. Immediately before injection blood was collected from the 
internal carotid artery into (4) a glass tube not paraffined. Tube 1 was 
centrifugalised and liquid plasma (Xa) obtained, free from blood cells, which 
was preserved in a paraffined tube. In this way it was found possible to 
compare the time of onset of coagulation under different experimental 
conditions. Thus in one experiment, which may be taken as a type, a firm 
clot formed in (4) at the end of 10 minutes ; a soft clot formed in (3) at the 
end of 26 minutes (remaining still soft at the end of 3^ hours) ; the blood in 
(2) formed a soft clot at the end of two hours, still remaining soft and not 
retracted at the end of two days ; the plasma in (1^») remained perfectly liquid 
at room temperature (16® to 17° C.) for four days, changed to a somewhat 
thick liquid at the end of five, days and had formed a soft clot at the end of 
seven days. Experiments of this kind cannot be satisfactorily carried out if 
instead of peptone red cell stromata are employed, owing to the exceedingly 
lethal character of such injections. A similar defect of coagulability may 
be observed when peptone acts upon a solution of fi brinogen m wfro ; thus 
in the series of tests given on p. 186 a fairly firm clot formed in the second 
tube, while in the next three tubes the clot became increasingly soft, being 
exceedingly so in the fifth tube ; nevertheless at the end of two days all 
these tubes contained clots of normal firmness.* 

It is clear from the above that the effect of intravenous injection of 
thrombokinase is essentially different from that of injection of thrombin, 
lu the latter case an abundant intravascular formation of fibrin takes place 
attended with i*eduotion of the amount of fibrinogen contained in the 
circulating fluid, while after the injection of thrombokinase in amounts 
equivalent, as far as coagulant action upon fibrinogen in vitro is concerned, 

* Tlie effect of injection of peptone into a dog, under couditiotut similar to those 
obtaining in Experiment 3, differs somewhat from that observed when a rabbit is 
employed. If the dog employed for experiment is resistant, the same delay of coagulation 
is observed, but the clot formed k much softer and retraction of the clot is imperfect or 
al)»ent. If, however, a dog which is susceptible to the action of peptone is kept fasting 
for 4$ hours before injection of peptone, then blood oollectod from the internal carotid 
artery remains, as is well known, for a long time liquid, though containing fibrinogen ii^ 
apparently undimiuished amount and clotting on the addition of thrombin. 
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tk> the thrombin injected,^ little or no fibrinogen is removed, the amount of 
fibrin subsequently obtainable fram the blood not being markedly diminished, 
so that it may be doubted whether the exceedingly limited separation of 
fibrin occasionally observed after injection of red cell stromata is more than 
a subsidiary and perhaps relatively unimportant process attending the action 
of thrombokinaae ; the difference, in respect of fibrin formation, between the 
injection of thrombin and thrombokinase cannot he attributed to the latter 
being introduced in a relatively insufficient amount. 

The effect of thrombokinase upon oirctilatiug blood plasma is thus seen to 
be strikingly different from its action upon a solution of fibrinogen in mtro 
in presence of calcium chloride. In the latter case coagulation occum ; in 
the former no coagulant action is observed or at most only an insignificant 
quantity of fibrinogen is converted into fibrin. The two experiments are, 
however, essentially different. When thrombokinase acts in vitro its action 
is directed to the conversion of prothrombin into thrombin in presence of 
calcium chloride. When on the other hand thrombokinase acts upon 
circulating blood plasma in presence of the free calcium salt contained in 
the plasma (and the same is true if the calcium content of the plasma is 
increased by injection of calcium chloride) the non-production of thrombin 
proves that prothrombin is not present in the circulating blood plasma. By 
a similar mode of reasoning based upon experiments in vitroy Bordet and 
Delanget have shown that prothrombin does not at first exist in fluid plasma 
{plasma limpide), whence these observers conclude that in this fluid it is 
represented by an antecedent body which bears the same relation to pro- 
thrombin (serozyme of Bordet) that prothrombin bears to thrombin ; and as 
the tern fibrin-ferment is applied to thrombin, which reacts with fibrinogen 
to form fibrin, so, using the same mode of nomenclature, the substance which 
takes part in the conversion of proserozyme into serozyme may be termed 
serozyme-ferment, though the exact mode in which tlie latter substance is 
concerned in the coagulation of shed blood has still to be determined. The 
explanation of the failui*e of thrombokinase when imeeted into the blood 
stream to cause fibrin formation lies, therefore, in the fact that it is unable 
of itself to change proserozyme into serozyme. In those experiments in 
which, after the injection of red'^cell stromata, a small amount of fibrin is 
recognisable in the blood-vessels of the lungs, it would appear that either 

* If the amounts injected per kilogramme of body weight in Experimente 1, 2, and 3 
had been such ajs would coagulate m vitro equal quantities of fibrinogen solution, 
according to data given in the next section, then the amount of stromata injected in 
Expddment % would have been increased two and a half times, while the amount of 
peptone injected in Experiment 8 would have been reduced to one- twelfth, 

t JT. Bordet and L. Deiange, loc* oit. 
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a small amount of thrombin or else of serozyme-ferment is also iatroduoed 
or set free at the time of injection, leading to the intravascular separation of 
fibrin in relatively insignificant quantity. 

It is obvious that the above method of injection into the circulating blood 
plasma yrill enable a liquid, which has been shown by tests in vitro to 
contain thrombin, to be distinguished from a second liquid which has 
similarly been shown to contain thrombokinaae. The plasma contained in 
circulating blood is, moreover, the only liquid to which the designation " fluid 
plasma” or “stable plasma” can with propriety be applied. Up to the 
present no “ fluid plasma ” has been prepared which is not reoognisably 
different from circulating blood plasma. 

affect of Heal itpon ThiwrAin and Thrombokina^. 

Metliod . — A solution of fibrinogen was obtained as follows from plasma 
prepared by Freund’s method.* The internal carotid artery of a rabbit was 
exposed and ligatured in its upper part, a spring forceps being applied to the 
lower part of the vessel, which was then opened below the ligature and 
thoroughly washed out with 0'85-per-cent, solution of sodium chloride by 
means of a paraffined capillary pipette, after which a paraffined cannula was 
introduced. By releasing the forceps blood was allowed to flow from the 
cannula into a paraffined tube, which was then centrift^alised until the red 
cells were precipitated. The supernatant liquid plasma was next removed 
with a paraffined pipette and mixed with 20 volumes of distilled Water 
• through which a stream of COg had been passed. The fibrinogen, which was 
thereby precipitated from solution, was collected by oentrifugalisation and 
dissolved in 0-85-per-oent. solution of sodium chloride, the volume of the 
liquid thus obtained being made equal to that of the plasma employed, 

A solution of thrombin was prepared by adding to 10 c,c. of solution of 
fibrinogen 0'9 o.c, of a 0'6-per-cent, solution of calcium chloride, together 
with such an amount of a suspension of stromata of the red oells of the 
rabbitf (usually about 2'6 c.c.) as would produce a ooagulnm at the end of 
15 minutes at 37® C. From this ooagulum about 13 c.o,of fluid (es thrombin 
solution) was expressed with a glass rod at the end of two hours. 

Thrombin is destroyed by exposure to a temperature of 65® C. for 
30 minutes, or to a temperature of 60° C. for about five minutes. Tlds effect 
of heating is illustrated below ; — 

• E. Freund, “ Ein Beitrag zat ElenutoifNi der Blut|retinaui>g,” ‘ Wien med. Jabrbiiriier» 
1888, p. 48 ; “ tlber die Ureaohe der Blutgerionong,” ibid., 1886, p 88(1 
t I^pared oe described in the preceding eection, p 180. 
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* PreTiously heat«i to fJO° for 6 minutes. 

Tlje fibrinogen solution at 30® C. formed a soft ooagulum in 90 minutes 
to three hours. After the addition of 0*01 c.c. of thrombin solution coagu- 
lation took place in four minutes. When, however, the thrombin solution 
had been previously heated it was found to have its power of producing 
coagulation very considerably reduced. 

Thrombokinase was stated by Schmidt* to be thermostable ; Morawite,f 
however, asserted that thrombokinase is thermolabile ; but Bordet and 
DelangeJ subsequently confirmed Schmidt’s observation. In our experi- 
ments, as already mentioned, we have usually employed as source of 
thrombokinase a suspension of the stromata of the red blood cells of the rabbit, 
obtained by oentrifugalising oxalated rabbit’s blood, washing the red cells 
thus obtained with 0 86-per-cent sodium chloride solution, and then laking 
by the addition of an equal volume of distilled water ; in other experiments, 
however, peptone has been employed as source of thrombokinase. 

The coagulant effect of red coll stromata in presence of calcium chloride 
is shown in the first table on p. 186. 

It will be observed that heating had no marked effect upon thrombokinase, 
though the liquid employed as source of thn>mbokina8e was thereby rendered 
turbid. The coagulum formed was in all cases firm. 


* A. ^Zur Blutl«hr<a,' Leipzig, 1892; *Weitere vui* Blutkhre/ 

Wiftshadeto, 1896. 

f ikCortwitz, ^ Hofmeiiffcer^e Beitr.,’ 1003, vol 4, p. 381. 

I; J. i8ordet aud L. Delange, fee. eit 

roh, 


0 
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The efifect of heat upon a peptone solution is thus exhibited : — 
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With the addition of increasing auuounts of jwptone in presence of 
calcium chloride delay of the onset of coagulation was observed, the ooaguls 
being very soft. 

2'fui Acfdoii of Viper Venom npo)i Girottlating Blood Flastm. 

The lethal amount of the venom of Uchie carinatv* (administered by intrs* 
venous injection) was found by C, J, Martin to be for the rabbit about 
half a milligramme per kilogramme of body weight ; if a large dose of viper 
venom was iiyected rapidly into a vein, intravcwoular olottilBg occtirr^ ; 
if a relatively small dose was injected veiy slowly, the coagulability of the 
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blood was diminished. It may here be obsenred that very small doses 
(G‘03 mgrm. or leas per kilogramme of body weight) fail to produoe any 
recognisable ill eifbct in rabbits. 

The efibot of intravenous injection of viper venom upon circulating bipod 
plasma was studied in a series of experiments similar to the following: — 

Experiment 4. — A rabbit weighing .384 grm. received into the vein of the 
ear an injection of 2 c.c. of OdS-per-cent. sodium chloride solution containing 
0‘13 mgrm. of viper venom (0'34 mgrm. per kilogramme of body weight). 
Five minutes after the completion of injection, which occupied one minute, 
the animal, which had not up to this time been obviously affected, showed 
signs of feebleness, and then became convulsed, death occurring about three* 
({uarters of a minute later. At the post-mortem examination, which was 
made without delay, the blood in the superior vena cava, the right auricle 
and ventricle of the heart and the pulmonary artery was found to be 
clotted, the clot extending into the vein injected ; on the left side of the 
heart, in the aorta, portal vein, and lower part of the vena cava, liquid 
blood was found ; the lungs collapsed normally on opening the chest. 

On microscopical examination of the lungs after death by viper venom it 
was found that in all cases, no matter whether intravascular coagulation 
resulted (four experiments) or the blood coagulated slowly (three experi- 
ments) or remained permanently liquid (three experiments), fibrin masses, 
filaments, and fibrils could be readily recognised. The appearance presented 
by the collections of fibrin was exactly the same as that presented when 
relatively large doses of tlirombin solution had been injected, so that it was 
not possible from an examination of the lungs to state whether the coagulant 
injected had been the latter or the former. The diminished coagulability or 
“ negative phase " exhibited after the intravenous injection of viper venom 
is therefore dependent upon the removal of fibrinogen under the action of 
the cot^ulant. As already mentioned, Martin* observed that the slow 
injection in the dog of small quantities (ir. below 0*1 mgrm. per kilo- 
gramme of body weight) of viper {Fsmdechis poiphyriaeus) venom resulted 
in tlie produotion of liquid blood, and it is easy to understand how this 
prooeduiie, by allowi^ time for the contraction of the delicate fibrin 
netlvork, which is at first formed, into dense masses of relatively small size, 
Woifid cause far less blocking of vessels and resulting interference with the 
eiroulation than would the rapid injection of the mate or smaller amounts 
of venom. Nevertheless, in my experiments upon rabbits, Uqiiid blood has 
loilowed tite injection (in the course of about one minute) of relatively large 
■* C. J. Martin, 1893, o»i., p. aes. 
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qiMUitities of venom (3'4-0'6 mgrm, per kilogramme of body> weight). 
Liquid blood, moreover, does not exclude the presenoe of viedble clot in the 
larger vessels. Thus in the experiment referred to at the olose at the next 
section, in which 0'73 mgrm. of venom per kilogramme of body weight was 
injected into a rabbit, it was found that the heart was continuing to beat 
feebly snd slowly after respiration had stopped and all movements of the 
voluntary muscles had ceased. On opening the right ventricle 5 c.c. of 
blood was obtained, which remained permanently liquid. The vein of the 
ear, external jugular, superior and inferior caval veins, portal and renal 
veins were all distended with clot ; nevertheless, obstruction to the circula- 
tion was not complete, and blood was delivered from the incised right 
ventricle at each beat. In the blood-vessels of the lungs fibrin filaments and 
masses were abundant. 

That the appearance of liquid blood after injection of viper venom is 
dependent upon removal of fibrinogen is shown not only by the appearance 
of fibrin in blood-vessels, particularly of the lungs, but also by the result 
of examination of the fibrinogen content of the liquid blood. Thus it was 
found that when one part of the thrombin solution employed in the pre- 
ceding section was mixed with two parts of the liquid blood obtained in the 
experiment just described, cotgulafion did not occur, though the thrombin 
solution was capable of coagulating two parts of fibrinogen solution in about 
three-quarters of a minute. The liquid blood was, however, found to 
contain thrombin, for when added to two parts of fibrinogen solution 
'Coagulation occurred at the end of one and a half minutes; the same result 
was obtained if one-fifteenth part of 0'83-per-cent, potassium oxalate 
solution had also been previously added. The thrombin in question cannot 
have been produced by the action of venom upon fibrinogen, for serum 
expressed from a coagulum so obtained, as, for example, in the second 
experiment of the series given on p. 189, exhibits the usual character of serum 
from a clot produced by the action of thrombin upon fibrinogen solution 
under similar conditions of experiment, that is to say, it poesesses scarcely 
any recognisable coagulant action on fibrinogen. It follows, therefore, that 
the thrombin contained in the liquid blood consists of venom. In the 
experiment in question the amouiit of \'enom injected into the blood 
represented 1 part in 70,000 parts of Mood. In the next section it is shown 
that 1 part in 15,000,000 is capable ot coagulating a solution containing 
fibrinogen in approximately two-fifths of the oonoentratioh present in blood 
plasma ; it is therefore to he expected that part of the venom injeeted woiild 
remain unchanged in the liquid bloody . thmeby oonfeirring upon it a otMtguhnti 
action When added to fibrinogen solution. 
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Even when, after the injection of a lethid dose of viper venom, citotting 
oooure in the heart and great blood<veasels, the ease with wbioh fibrin masaee 
Can be recognised in the smaller pulmonary vessels renders it possible 
readily to distingnish between the effect of injection of thrombin or .viper 
venom tuad that of a relatively large amount of thrombokinase contained in 
red-cell stromata or peptone. It is obvious from the effect of injection of 
viper venom into the blood stream that the coagulant in the venom is a 
thrombin and not a thrombokinase. 


I'he Effect of Heat upon Viper Venom. 

Tlie blood coagulant of the venom of the Indian viper, Eckis carinatns, is 
completely destroyed by heating to 75° C. for 10 to 15 minutes.* The 
following experiments exhibit the coagulant activity of this venom before 
and after heating : — 
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• Hoaiwd to 76® for 10 minutefi. 


* It will be seen that viper venom, even when present to the extent of only 
I part in 16,000,000,18 capable of coagulating in ten minutes at 30° C. a 
Uguid containing approximately the same concentration of fibrinogen as- 
nOmai »bbit’8 plaisStia. When heated, however, its coagulant action rapidly 
disappeaifl. 

It is obvious from the effect of heating that the coagulant of viper venom 
cannot be regarded as thrombokinase as Mellanbyt has Bui^asted. Its 
behaviour in respect of heat shows it to be a thrombin. 

♦ C. Jf. Martin, 1906, foe. 0 *. 
f y. Mellanb;;^, foe. ett,, p, 467. 
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!Che intravenous injection of heated venom, even in die amount of 
I'l mgrm. per kilogramme of body weight, was found to be vnthoat effect 
upon rabbits ; examination of sections of the lungs and also of the tiVer, 
spleen, kidney, and heart musele of animals killed half an hoar afi»r 
injection failed to reveal any separation of fibrin in the blood^vesBels. A 
control experiment, in which 0‘73 mgrm. per kilogramme of body weight was 
injected in the course of one minute, caused death at the end of 30 seconds. 
The behaviour of heated venom, when injected into the blood stream, is 
thus seen to be consistent with the conclusion that the coagulant is a 
thrombin. 

Swmmanj. 

The different mode of action exerted by thrombin and thrombokinase upon 
circulating blood plasma is described, and it is shown that the coagulant of 
viper {Echis carinaim) venom, as exhibited by its effect in causing intra- 
vascular separation of fibrin when injected into the blood stream, and also 
indicated by its behaviour when heated, is a thrombin and not a 
thrombokinase. 


Negative After-Images and Successive Contrast with Pure 

Spectral Colours. 

By A. W. Poster, B.Sc., P.E.S., Fellow of University of London University 
College, and F. W. Edrzdge-G-been, M.D., FM.C.S. 

(Received March 31, — Read ^j^ember 13, 1913.) 

In a recent paper* Prof. Burch has criticised our results on “Negative 
After-Images and Successive Contrast with Pure Spectral Colours.’’t 
Prof. Burch su^ests that the change in blue and violet obtained after 
fatigue with red light may be explained on the Young theory, if the stray 
light, which we stated was present, he taken into consideration. He states 
that the reason, on this theory, why the violet appeahH^-Muer and darker 
after fatigue to red was due to the elimination of the red oompement in 
the stray light 

In consequence of this criticism we have since repeated our experiments, 
taking the most minute precautions to exclude stray light by coveirimg the 

■» ‘Boy. Soo. Proc.,’ 1913, B) vol 88, p. in. 

+ ‘Boy. Soa Proo,,’ 1918, B, vol. 86, p. 434. 
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whole apparatus and head of the observer with black velvet. When these 
most minute precautions were taken to prevent the admixture of red or 
other light the results were exactly the same as before. The experiments 
were conducted as follows: A region of pure violet, X, 4368-k 4572, was 
isolated in the Edridge-Green spectrometer, a deep blue-green glass quite 
opaque to red being placed in front of the slit, so that no red light could 
enter the instrument. A region of pure red, X6360-X6570, was isolated 
in another spectrometer, deep ruby glass being placed in front of the slit so 
that nothing but red light could enter the instrument. The eye was then 
fatigued as before, one eye being vertically above the other, for 20 seconds, 
and the after-image projected upon a narrow vertical band in the violet 
region after turning the eyes round into the normal position, so that the 
two images crossed at right angles. The result was exactly the same as 
stated previously by us, the region of violet crossed by the after-image 
appeared bluer and darker. 

It should be here noted that when the red band was intently regarded for 
10 seconds and the eye then slightly moved (to another part of the same 
telescopic field) a bright blue-green after-image was visible, although the only 
light then being received by the eye was red light. 

The experiment with yellow light on a screen was repeated in the spectro- 
meter with exactly the same result. Pure yellow light, X 5820-X 5870, was 
isolated in one spectrometer, and red light, X 6360-X 6570, used to fatigue 
the eye. The results were as before, the yellow appeared unchanged, or, 
when the exciting light was comparatively intense, slightly greener and 
darker in the region of the after-image, whilst a deep blue-green after- 
image extended on either side. 

These experiments show that th||«tray light, mentioned by us in our former 
paper, was of negligible amount ; for we have now obtained precisely the same 
results when stray light was most rigorously excluded. Stray light, of amount 
comparable with that in our previous experiments, is present in all spectro- 
metric investigations unless precautions such as those described above are 
taken. 



The Ratio between Spindle Lengths in the Spermatocgtie Meta^ 
phases of Helix pomatia. 

By C. F. U. MrBK, M.Sc., F.L.S., F.Z.S, 

(ComTimnicated by Sir W, T. Thtedton Dyer, K.C.M.G., C.I.E., F.R.S. Received 
July 16, — ^Read December 4, 1913.) 

[Pl,A.TK 12.] 

Introduction. 

1 have recently ehown that in Forjicida auricularia the length of the 
mitotic spindle, i.e. the distance between the centrosomes, seems to be 
a constant at the conolnsion of each spermatocyte metaphase. The ratio 
between the lengths found at this stage is alinost identical with the ratio 
between the radii of two spheres of which the volume of one is equal to 
twice that of the other ; and, since the volume of the primary spermatocyte 
cell in the metaphase is presumably equal to twice that of the seoondaiy 
spermatocyte, connection is suggested between the length of the spindle and 
the volume of the cell. 

I now propose to measure spindle lengths in the spermatocyte metaphases . 
of Helix pomatia. As in the cose of Forficula, the chromosomes are spheires 
or very short rods, and all seem to divide on the spindle at the same time ; 
the conclusion of each metaphase is therefore easily recognised. If the 
lengths are found to be constants, and if the ratio between them is 
approximately 1'26 : 1, the connection between spindle length and cell 
volume is again suggested: if, on the other hand, lengths are not constants, 
or if the ratio between them is not approximately that mentioned above, the 
suggested connection is at once disproved. 

Material and Melhode. 

The material, which consisted of the hermaphrodite gland, was obtained at 
the end of May, and was preserved in Flemming’s strong obromo-aceto-osmio 
acid fluid and the platino-aceto-osmio acid fluid of Hemumn. The material 
remained in the fixative for 12 hours, and, after being washed thoroughly in 
running water and passed through successive strengths of alcohol, was 
embedded in paraffin. Sections were cut 8 /a thick with an ordinary 
Cambridge rocking microtome. 

The stains used were Heidenhaiu’s iron htematoxylin and iron brasilih,* 

* Hickson, S. J,, ‘Quart. Joum, Micro. Sd.,' 1901, vob 44. 
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and both have givea oxeellent results. The lattei:, which affects the 
cytoplasm as well as the chromatin, enables spindle fibres to be seen very 
distinctly \ and all drawings on the plate have accordingly been made from 
sections thus stained. In tlie ease of the iron ha‘matoxylin, the slides wore 
placed for four hours in the mordant, wliich was an aqueous solution of 
ferric alum, and were then stained for 12 hours ; in the case of the iron 
brazilin, the slides remained for two hours in a solution of ferric alum in 
70-per-cent, alcohol, and were then placed in the stain for 15 hours. 

The preparations were studied with a Zeiss apoohromatic oil-immersion 
objective of 2 mm. focus and N.A. 1*30, and compensating oculars Nos, 4, 6, 
12, and 18, The light was obtained from an inverted incandescent gas 
burner, and was passed tlirough a Oiffbrd screen and the holoscopic oil- 
immersion substage condenser of Messrs. Watson and Sons, of Xondon, All 
drawings were made with a large Abb^ camera lucida at one magnification, 
which was estimated with a stage micrometer graduated to read one- 
hundredth part of a millimetre. Tossible distortion was prevented by 
levelling the microscope platform and drawing table ; and, in order to 
minimize error due to foreshortening, measurements have been made only of 
spindles of which the major axes lay at right angles to the microscopic line of 
vision, Le, spindles of wliich the centrosomes could be brought into focus 
simultaneously. I have tried to eliminate inaccuracy of draughtsmanship 
by drawing the centrosomes of each spindle many times and upon several 
occasions; moreover, the lengths found by me have been checked by 
independent measurements made by my assistant, Mr. liussell Goddard. 

The Le%gth of the Mitotic Spindk at the Conclvsion of the Priviary 
Sperrmtoeyte Metaphaee, 

Fig. 1 of the plate represents a polar view of the primaiy spermatocyte 
complex, I have not attempted to count the chromosomes on the various 
spindles ; but recent investigations seem to show that the number is 48 in 
the sperinatogonial and 24 in the spermatocyte cells. The chromosomes aare 
short thick rods, and do not diflFer from one another greatly in size. 

Figs. 2 to 12 inclusive ore drawings of lateral views of the apindle at the 
conclusion of this metaphase; in each figure constriction of the ohromosomea 
is seen to have been completed, and the daughter rods, apposed to one 
another in the equatorial plane, are ready to move apart Thee# drawings 
hove been mode at a magnifioation of 660 diameters from sections in the 
hermaphrodite glands of several individuals, and the length of the spindle is 
the same in all This length bos been found in every primary spematooyte 
cbi! studied at this stage, and, at the known magnificatibn, represents 16'3 
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In the ciromnstances we have reaBon for believing that the length of the 
spindle is a constant at the conclusion of the primary spermatocyte metapbMe. 

The Length of the Mitotie Spindle at the Condusion of the Secondary 
Spermatocyte Metaphaae. 

rig. IS represents a polar view of the equatorial plate in tills metapbase. 
The chromosomes are noticeably smaller than those of the preceding cell 
generation. 

Figs. 14 to 23 inclusive are drawings of lateral views of the spindle at 
the conclusion of the metaphase, t.e. at the moment when constriction of 
the chromosomes is complete. As in the case of figs. 2-12, these drawings 
have been made at a magnification of 650 diameters from sections in the 
hermaphrodite glands of several specimens. The length of the spindle, 
estimated from the magnification, is invariably 12*1 p\ and, since the centro- 
somes have been found to be equidistant in all secondary spermatocyte cells 
studied at this stage, we seem again to be dealing with a constant. 

T%e Ratio between the Lengths of the Mitotic Spindle at the Conclusion of the 
Primary and Secondary Spermatocyte Metapham^ 

I have, already remarked that in Forficida auricularia the ratio between 
the lengths of the mitotic spindle at the conclusion of the two spermatocyte 
metaphase^ is almost identical with the ratio between the radii of two 
tspheres of which the volume of one is equal to twice that of the other. fThe 
former ratio is 1‘28 ; 1‘00, and the latter ratio is 1'26 : 1'OO. 

Now the lengths of the spindle found for the conclusion of these meta- 
phases in Helix pomaiia are 16-3 and 12'1 p respectively, and the ratio 
between them is 1'26 ; I'OO. No period of growth separates the primary and 
secondary spermatocyte mitoses in this organism ; the connection between 
spindle length and cell volume is therefore again suggested. 

The accuracy of my measurements seems to be confirmed by the work of 
Demoll. In a paper published lost year upon tlie spermatogenesis of Helw 
pomaiia, he gives two drawings respectively representing the lengths of the 
mitotic spindle in the primary and secondary spermatocyte metaphases. We 
are not told at what stage of the metaphase these drawings were made, nor 
is the magnification mentioned ; but the lengths shown iure 29'7 and 24*0 mm., 
and the ratio between them is T24 ; I'OO. DemoU, however, appears to have 
seen no possible significance in these rektive lengths; for he dismisaeid 
the matter by saying that the length of the spindle deereases only slighU^r 
when the cell volume is halved. 
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Metmiremmt$ of Spindle Len0hs made hy an Independent Inveetigedor. 

During this research I wrote upon the subject to Dr. von Winiwarter^ 
who very kindly offered to measure spindle lengths in the spermatocyte 
metaphases of man. 

I have since received a letter, in which he says : “ J’ai effectu^ une s^rie 
de mensurations sur les fuseaux des spermatocytes 1 et II chez Tbomme, et 
constat^ qu*il y a une l^gfere difference de longueur entre les deux. Cette 
diffi^reuce est trop faiblo pour ^tre reconnue autrement que par dea 
mensurations. Je vous envoie en mSme temps quelques uns des croquis 
qui m'ont servi k calouler les rapports, IIs sent faits k un grossissement de 
2400 diam^tres avec le systfeme d*ocul. et d’object. employe pour tons les 
dessins de mou travail sur la spermatogencse humaine (‘ Arch* de Biol/). 
J^ai simplement indiqmS les corpuscles centraux, le d4but du fuseau et lea 
contours du coips cellulaire. Je n'ai pas dessin^ les chromosomes ; ceux-oi 
sont exacteinent au moment ou ila sont rangijs r^guli^rement k IMquateur et 
vont se diviser. lies fuseaux sont bien parallJjles k la table du microscope 
et dans une seule coupe. Vous constaterez vous meme que Tanalogie avec 
forficula est tellement compliste que le rapport entre les fuseaux I et II eat 
aussi 1*26 : 1-00/' 

The camera lucida drawings enclosed in this letter represent five primary 
and five secondary spermatocyte metaphases. The length of the spindle is 
24 mm* in each of the former, and 19 mm. in the latter ; and, since the 
magnification is 2400 diameters, the lengths in the cell must be 10*0 and 
7'9 p respectively. Examples of these drawings are given below at a slightly 



Camera ludda drawings of spindles in the spermatocyte nietaphases of Man* 

A Primary spermatocyte. B. Secondary spermatocyte, x ^270. 

0 

3tediioed magnification. In the circumstancee the ratio that I have obeerved 
mrieularia and Helix pemeUia is shown to exist in material 
to a third phylum ; and I take this opportunity of again thanking 
- kindness in makit^ , the measurements and 



Gonielimon. 

Whether the connection snggeated between spindle length and cell vblted, 
in the metaphoee ia likely to be established or hot is impossible for mi lb . 
say : the proposition that I have put forward is at present entirely spboh* , 
lative. But the results of research have shown that at the stage in question 
the ratio between spindle lengths is approximately the same in the spermato* 
cytes of JSelta; poinatia,Fm'Jimla auriculMna, and man-— organisms representing 
three phyla of the animal kingdom, 

Moreover, consideration of the lengths found in these organisms proves 
that the length of the spindle in the metaphase cannot he correlated rnth 
the volume of the chromatin. This is im}>ortant ; for in an earlier paper 1 
have produced evidence to show that increasing soinstio complexity is , 
accompanied by increase of chromatin volume in the cell. 

The faUuTO of current theories of mitosis is largely due to the absence of 
data from "which to draw conclusions; and, since either proof or dieproctf 
of my proposition must ^^nstitute a new generalisation, I intend to carry 
out farther and similar cytometrioal investigations, of which the results wfli 
appear in subsequent papers. 

Stmnutrif. 

1. The length of the mitotic spindle, t.«. the distance between ^ centre* 

somes, is 1$’3 f* at the conclusion of each primary 8i>ermatocyte metaphaae 
of Stiix pomatia, . * 

2. The length of the mitotic spindle is 12'1 /» at the conclusion of ealn 
secondary spermatocyte metaphase of iTeiiajjpoBiafia. 

3. The ratio between the lengths of the mitotic spindle at the conclasiim 
of the primary and secondary spermatocyte metaphaaes is approxhaat^ 
the same in ffelit pomatia, Forficida aurictdaria, and man ; and, since the^ * 
rati(« are either identical or almost identical with the ratio between tiite 
radii of two spheres of which the relative volumes are the same as those of 
the cells in question, connection may exist between spindle length and cell 
volume at this stage, 

4. A oomimriaon of mitotic figures in' Selw pomatia, For,fioula auneularidt ' 

tmd man proves that the length of the sq^indle in spermatocyte metaphases ;p 
cannot be correlated with the volume of ohromatin in the cell ■ ^ -:1 
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EXPLANATION OF THE PLATE. 

n 

F%* 1.^ — Polar view of pnmary spermatocyte complex. 

Figs. 2-12. — Lateral views of spindle at conclusion of the primary spermatocyte meta- 
phase, showing cmupleted constriction of chromosomeH. In each figure the 
length of the spindle, estimated from the magnification, is 15‘3p* 

Fig, 13. — Polar view of secondary spermatocyte complex. 

Figs. 14-23, — Lateral views of spindle at conclusion of the secondary s|xu'matocyte meta- 
phase, showing completed constriction of chromosomes. In each figme the 
length of the spindle, estimated from the magnification, is 12'1 ;a. 

Fig* 24* — Divisions of stage micrometei*, 10 /x apart, showing maguificatiou of figs. 1-23 
inclusive. 


* A list of publications dealing with the H})erraatogenesi8 of Helix is giveii in the 

bibliography of this jwper. 



198 


Neuro-Musculofr Strtictures in the Heart. 

By A. F. STANI.BY Ksnt, M.A. Oxon., Professor of Physiology, UniYersity of 

Bristol. 

(Communicated by Prof. C. S. Sherrington, P.R.S. Beceived July 25, — 

Read November 20, 1913.) 

(From the Physiological Laboratory of the University of Bristol) 

The fundamental fact of the existence of a muscular connection between 
auricle and Ventricle in the mammalian heart was establisiied in 1892 (6, 6). 
The details of the particular connection first studied were worked out during 
the years following (1, 3, 7, 8, 13, 15), and attention was directed so com- 
pletely to the auriculo-ventricular bundle itself that additional ties between 
auricle and ventricle at other points remained relatively neglected. Partly 
in result of this, though partly in result of experiments which have been 
perhaps imperfectly understood, an impression has gained ground (2, 14) that 
apart from the originally described auriculo-ventricnlar bundle there exists 
no other conducting path capable of transferring the state of activity from 
auricular muscle to ventricular, or vice vernd. This impression has, indeed, 
been put forward as an actually ascertained fact (10). 

For some years, however, a mass of facts has been accumulating difficult 
to explain on the supposition that the conduction between auricle and 
ventricle consists of one single path alone. The facte can, on the other 
hand, be explained satisfactorily if there be granted the existence of ah 
auriculo-ventricular connection which is multiple. 

These facts have become known partly as the result of clinical experiences 
and partly as the result of direct experiment, and are so definite that it is 
necessary for any satisfactory theory of the cardiac meclianism to take 
account of them. 

The clinical experiences referred to fall into two categories 

A. Cases in which the auriculo-ventricular sequence was found to be 
normal, though the bundle was destroyed (4, 11); and 

B. Cases in which the aurioulo-ventrloular sequence was aboli^ed, ' 

the bundle was intact (4, 9,12). 

There are in the literature several oases illustrating each of these ooh^ 
tions, and the conclusion is becoming more and more firmly establiidied, 
the normal auriculo-ventricular sequwice may exist with a destroyed , 

and that the sequence may be disturbed, or aboUshed, Ihe btunSe 
unaffected. 
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In other words, it appears that the auriculo-ventricular bundle is not the 
only path by which the functional connection between the auricle and 
ventricle may be established, and that " the co-operation between the auricle 
and Ventricle is not necessarily dissolved because the auriculo-ventricular 
bundle has been put out of action (4). 

The experimental evidence to which reference has been made is at present 
unpublished, and was first brought to my notice by Prof. Leonard Hill, to 
whom I am indebted for [permission to refer to it. I have iweutly repeated 
the experiments, and can have no doubt as to their real significance, 

The evidence is of the following character : — 

If in the beating heart of a mammal the anatomical connections between 
the left auricle and left ventricle are severed, and the section is carried 
through the septum also, thus leaving only the right ventricular wall attached 
to the auricle, even under these circumstances co-ordinated beats [pass over 
the auriculo-ventricular junction, the ventricular contraction following the 
auricular in its proper sequence. 

With such clinical and ex]>erimental evidence before us it is idle to assert 
that no conducting path exists other than the well-known and well-defined 
auriculo-ventricular bundle, and the question is no longer “ Does a connec- 
tion exist ? but What is ‘the nature of the connection ? 

It may perhajps be recollected that as long ago as 1892 (5, 6) I described 
the existence of a connection in this situation, viz., between the outer wall 
of auricle and ventricle. The importance of the recently-described septal 
connections overshadowed this other observation, however, and its significance 
was not appreciated. It was only when the fact that the auriculo- 
ventricular bundle could be destroyed without abolishing the co-ordinated 
action between the chambers that the importance of additional conducting 
pa;bhs was brought into prominence. 

During the past few years my work on the human heart has shown that 
there exists a mechanism which may perhaps help to elucidate the manner 
in which these hitherto imperfectly explained transferences of activity are 
brought about, and although the details have not all been worked out, it may 
perhaps be of use to place the facts on record. 

It is well known that in a series of sections made through the auriculo- 
ventricular junction an outstanding feature is the large number of nervous 
structures present. It is no uncommon thing to find from 20 to 80 nerve 
ttimks out across, some 50 to 100 in diameter, moat of them lying in the 
fat and conneotive tissue of the groove, whilst in addition to these there are 
trunks of large size lying amongst the muscular rissue, and apparently 
toived dir^tly from those in the groove. 
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In close association with these nerve fibres there exist nerve cells, 
occasionally single, often in groups of two or three, sometimes in large 
numbers. Many of these cells are of great size, and in other partioulats 
remarkable in appearance. They are ver^ markedly irregnlar in their 
distribution, and may be scanty even where nerve fibres are abundant, 
whilst in other situations they may be numerous. 

The exact function of these nerve cells is open to conjecture, and it is 
therefore of interest to find them associated with other structures, the 
connections of which may throw light upon their mode of action. 

The structures referred to are found lying in the connective tissue 
between the auricular and ventricular muscle, and are of a typo hitherto 
undescribed in the heart. They consist of an elongated body, the first 
indications of which in any series of sections is the appearance of two 
or three nerve fibres lying amongst the fibrous tissue. In sections passing 
directly from auricle to ventricle and taken vertically to the eurfaoe, these 
fibres are as a rule cut transversely. If the series be followed the number 
of fibres in tlie group is seen to increase, until ultimately a large number are 
present. 

At this point some resemblance to an ordinary nerve trunk is presented, 
and the diameter of the structure may be about 170^ 

The constituent fibres vary a good deal in size, ranging from about S to 
about 13/* in diameter. A number of measurements gave the average 
diameter of the most numerous fibres as about 7 /*. Connective tissue of 
the fibrous variety is present in the bundle, but is principally developed at 
the periphery, where in tlie greater portion of the length of the bundle, a 
definite sheath is present, of considerable thickness, and composed of many 
layers with large lympliatic spaces lying between them. 

If the bundle, for the structure has now assumed the form of a bundle, 
be followed further, a new constituent will be noticed to Imve made its 
appearance. This new constituent is muscle, and it genearally appears as a 
small mass of tissue which stains more deeply than the rest of the bundle, 
and is readily distinguished from the other constituents present. 

The musoie, after its. appearance in the bundle, is generally to be found as 
a fibre running longitudinally, or winding amongst the other tissues, and 
showing a sharp differentiation into the darkly staining saroostyles, and the 
lighter sarcoplasm. The latter is generaUy arranged 6^ the centre of the 
fibre, whilst the sarcostyles occupy the periphery. 

One musoie fibi^ having appeared, others are soon noticeable, and the 
number increases until a considerable portion of the bundle may be ococ^iad 
by muscular tissue. 
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At the same time that the muscle becomes promiaent in a bundle it may 
be noticed tliat a very lai-ge increase in the blood supply has taken place, 
and that, instead of the occasional small vessel observed at the commence- 





c.t.s. 

Thuunrene section of structure lying in the connective tissue between the auricle and 
ventricle of human heart, x about 300. c.<.s., connective tissue dieath ; f.«., lymph 
blood vessel ; n/., nerve dlwes ; m., muscle. Tbs general relatione of 
parts only are shown, minute detail being for the most part omitted. 

nWlifc, a rich tupply of blood is brought to the bundle by vessels of 
oiotii^disiable sisft, and distributed through its substanoe. it may be stated 
^:ddt»l]iy that the blood supply is found to be most abundant in those 




202 Prof. A. F. S. Kent. 

mtuatioiis where Che muscular tissue forms a constituent portion of the 
bundle. 

With regard to the character of the muscle fibres which are found in the 
bundle, these appear to be of two kinds. Where the muscle is well 
represented some fibres will usually be found to resemble the tissue present 
in the neighbouring chamber of the heart. Others, however, are of a 
different type, and apj^ear as lai'ge pale fibres, with but few sarcostyles, those 
that are present being grouped around the periphery of the fibre. 

If the series of sections be followed further it will be found that the 
bundle, which at first may be at some distance from the muscle of the heart 
chamber, gradually approaches this latter, whilst at the same time some of 
the large pale fibres alluded to as being present in tire bundle will be 
observed to be making their appearance also in the auricular or ventricular 
tissue, and, after a time, a definite exchange of muscle fibres ou a large scale 
will be observed to take place between the auricle, or ventricle, and the 
bundle. Fibres which are apjjarently normal auricular or ventricular tissue 
approacli the connective tissue, pass through as a definite mass of tissue, 
penetrate tire connective tissue sheath of the bundle, and come to lie in its 
interior. In many cases the amount of muscle entering the bundle in this 
way is considerable, and much of the tissue is indistinguishable from 
ordinary cardiac tissue. Some, however, is of the character already 
described, consisting of fibres with clear centres and sarcostyles scattered 
around the periphery, and, though smaller, presenting some of the characters 
i>{ Purkinje fibres. 

It follows from this description that the amount of muscle present in the 
bundle varies considerably from place to place, and, moreover, that the 
character of the muscular tissue varies also, being sometimes similar to 
auricular or ventricular tissue, and having similar staining properties, and 
Bomelimes pale fibres containing much faintly staining sarcoplasm #ith 
comjiaratively few darkly staining sarcostyles. 

The nerve fibres which form so important a part of the structures 
descrilted are of various sizes, from 3/t to 12 fi. They run, as a rule, a 
longitudinal or somewhat winding course in the bundle, and may be demon.- 
strated to be connected at various points with tlie nervous structures lying 
in the fat at the auriculo-ventrioular junction. They may also be traced 
leaving the bundle at various 2 K)ints,and passing away through the connective 
tissue towards the neighbouring tissues. 

From the description which has been given it is apparent that the 
structure which has been described presents itself as an elongated body trf 
different diameters at different parts of its course, and therefore of a conical 
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or fusiform shape, into the composition of which both nerv^e fibres and 
muscle fibres of two distinct varieties enter, surrounded by a distinct con- 
nective tissue sheath in which large lymphatic spaces exist, and being 
abundantly supplied with blood. Further, that these structures can be 
shown to be connected with the muscular tissue of the auricle or of the 
ventricle on the one hand, and with the nervous structures lying in the 
auriculo-veutricular gi‘oove on the other. 

It will he at once apparent that the structures described have many 
points in common with the neuro-muscular sphidles found in skeletal 
muscle. The association of nerve and muscle fibres in a definite structure, 
the modification of the muscle fibres, the general shape, even the connective 
tissue sheath with its lym}»hatic spaces, all recall the structure of neuro- 
muscular spindles. 

And it may be that, just as the structure of the two organs is similar, so 
also are their functions. In the neuro-muscular spindles of skeletal muscle 
we see organs destined for the reception of impulses from the muscle fibres — 
impulses which pass to a centre consisting of nerve cells and throw’ it into 
activity, i.e. the organ is a receptive one and functions as a part of a 
reflex arc. 

In the neuro-muscular structures described we see organs w’hich from 
their structiire and connections may well function as receptive organs, 
which may well be roused to activity l^y the muscle, and transmit impulses, 
it may lie, to the lociil centre, i.e. to the nerve cells in the auriculo- 
ventricular groove. 

And, further, if this is so, it is difficult to avoid the suggestion that we 
see here, as yet imperfectly described and obscure in some of its workings, 
a local mechanism whose function it is to place in communication the various 
chambers of the heart, and to correlate their activities— a mechanism con- 
sisting of receptive organ, afferent path, centre, efferent path, and distributing 
01‘gan, and constituting a local reflex arc, which may perha }>3 exhibit only 
an occasional activity, the co-ordination . of the cardiac rhythm being, as a 
rule, provided for by the muscular connections of the aurioulo-ventricular 
bundle, but which may be capable of controlling that co-ordination when the 
bundle is no longer perfect. 

This research has been assisted by a grant from the llesearch Fund of the 
University Colston Society. 



204 Neuto-Musculfur Strm^ures in tht M&xrt. 


KEFEBENbKS. 

1. Braeunigi K., Uebor m\is<JuU3ae Verbindung zwiftchen Vorkswnmer imd Kaiumer 

\m varachiedeiien Wirboltierherzen,” * Archiv f, Anat nnd Phya,,’ 1004, Pbya. 
Abtlu, Suppl. 

2. Hill, Leonard, * Further Advances in Physiology,’ lOOS), p» OL 

3. His, W,, juur., “ Die ThKtigkeit des enibryonalen Herxens uud deren Bedentung 

fiir die Ijolire von der Herzbewegnng beim Erwaohsenen,” ‘ Arbeitmi ans der 
inedizinischen Kiinik,’ I^eipKig, 1893. 

4. Holst and Monrad Krohn, * Quart. Med. Journ./ voh 4, p. 498. 

5. Kent, A. F. Stanley, ” Researches on the Structure and Function of the MamniaHan 

Heart,” ‘ Proc. Phys, Soc.,’ 1802, vol. 6 ; l^ndon, St. Mary’s Hospital, Novem* 
ber 12, ‘Journal of Physiology,’ vol. 14, No. 1. 

C, Kent, A. F. Stanley, “ EesearcheH on the Structure and Function of the Mammalian 
Heart,” ‘Journal of Physiology,’ vol. 14, Parts TV and V. 

Details of these inveatigationH were also given as follows : — 

“ On the Mammalian Heart.” Research presented for the Rolleston Memorial 
Prize, Oxford, February, 1892. 

“ Some New Points in tl»e Structure of the Mammalian Heart.” Bead before 
the Biological Club, Oxford, March 25, 1892. 

“ Further Researches on the Structure and Function of the Mammalian Heart.” 
Communicated to the Brltiah Medical Association, Newcastle>on-Tyne, 1893. 

7. Kent, A. F. Stanley, “ On the Relation of Function to Structure in the Mammalian 

Heart,” ‘ St. Ihomaa’s Hospital Reports/ 1893, vol. 21. 

8. Kent, A. F, Stanley, “The Structure and Function of the Mamroalian Heart,” 

‘Brit. Assoc. Reports,^ 1894, p. 464. 

9. Krumbhaar, ‘Archiv Inter. Med./ June, 1910. 

10. Lewi*^ Thos., ‘ The Mechanism of the Heart Beat/ London, 1911, p. 3. 

11. Martin, C. F., and Klotz, thicar, ‘ Amer. Journ. Med. Sci.,’ 1910, vol. 140, p. 216. 

12. Price and Ivy Mackenzie, ‘ Heart-,’ 1912, vol. 3, p. 233. 

13/ Retzer, E., “ Ueber die musculdse Verbindung zwischen Vorbof uud Ventrikel des 
Skugethierherzeus,” * Archiv f. Anat. imd Phys./ 1904, Auat. Abth. 

14. Starling, E. H., * Prineiples of Human Physiology,’ London, 1912, p. 1006. 

15. Tawara, S., ‘Das Ecitaleitungssyfiteui des Saugetierherzens,’ Jena, 1906. 



205 


The Alleged Excretion of Creatine, in Carbohydrate Starvation, 

By Georg K Graham, Beit Memorial Fellow, and E. P. Poulton, Kadcliffe 

Travelling Fellow. 

(CJommunicated by Dr. F. G. Hopkins, F.E.S. Keceived August 5, — 

Bead November 20, 1913.) 

(From the Pathologicsal Department, St. Jiurtholomew’s Hospital, and the Physiological 
Dejwrtmeiit, Guy’s Hospital.) 

CONTENTS. 

PAOK 


lutrod notion 205 

I. The Effect of Aceto-acotic Acid on the Estimation of Creatinine...... 206 

II. A Method for Kemoviug Aeeto-acetic Acid from Urine preliminary 

to the Estimation of ('roatinine 212 

III. The Alleged Excretion of Creatine on a Carbohydrate-free Diet 216 


Introduction, 

It was stated by Catbcart (4) and Benedict and Myers (2) independently, 
in 1907, that creatine was excreted in the urine during inanition. Catbcart (5) 
has further stated that the output of creatine, caused by fasting for 36 hours, 
is diminished as soon as a diet consisting of carbohydrates is taken, whereas 
it is increased by a fat diet. 

Rose and Mendel (19) confirm these results, laying great stress on the fact 
that carbohydrates play a very important rdle in preventing the excretion of 
creatine in the urine. 

In the course of a 10 days' exi>eriment on one of us (G. G., 10), where the 
diet was restricted to protein and fat and was of insufficient calorie value, we 
found that no creatine was excreted in the urine. The explanation of this 
discrepancy was not fully investigated at that time, but recent work by 
Greenwald (12) has suggested a possible explanation. 

Folin's (8) method for the estimation of creatinine in urine depends on the 
orange colour produced by the addition of picric acid and soda (Jaff^, 16). 
This colour has been shown to be due to a reducing action of the creatinine 
on the picric acid (Chapman, 6). 

Among the reducing substances which also give a similar colour are 
acetone, aceto-acetic acid, and ^-oxybutyric acid, all of which maybe present 
in urine under different conditions. 

Van Hoogenhuyze and Verplo^h (13) and Krause (16) stated that urine 
to which acetone had teen added produced, with picric acid and soda, a 
vot mcxxvn.— B Q 
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slightly darker colour than was obtained with the urine alone, but that 
the colour soon faded and caused no error in the determination of 
creatinine. Krause (16), Wolf and Osterberg (22), and Bose (20) found 
that the addition of the etliyl ester of aceto-acetic acid to urine did not 
produce any error in the estimation of creatinine, unless large amounts 
(t.c, over 1 per cent.) were added. They seem to have assumed that the 
action of aceto-acetic acid would be the same as that of the ester, 

Recently, however, Greenwald (12), working on diabetic urines, has shown 
that if aceto-acetic acid is added to xirine directly a considerable error is 
introduced into the estimation of creatinine. 

This observation may possibly explain why we did not find any creatine in 
our experiment on the fat diet. Folin (8) originally stated that acetone 
and aceto-acetic acid gave the orange colour with picric acid and soda, 
but remarked that they could easily be removed from the urine. In our 
experiment we removed the aceto-acetic acid as far as possible from the 
urine before making the estimation, in order to get rid of any disturbing 
effect that the acetone bodies might have on the creatinine figures. 

In the experiments described in this paper we have studied this question 
in greater detail and also the means of overcoming the difficulty. 

1. The Effect of Aceto-acetic Acid on the Estimation of Creatinine, 

The different intensities of colour produced by /8-oxybutyric acid, acetone, 
aceto-acetic ester and aceto-acetic acid when treated with picric acid and 
soda were first investigated. 

The importance of aceto-acetic acid is emphasised by the experiments of 
Arnold (1), Emden (7), and Hurtley (14). These investigators have, 
independently, pointed out that in cases of acidosis the fresh urine contains 
only small amounts of acetone, while aceto-acetic acid may be present in 
large amounts. 

Throughout our experiments the estimation of the creatinine was performed 
in the usual way ; 16 o,c. of a saturated solution of picric acid and 5 c.c, of 
10-per-cent, caustic soda were added to 10 c.c. of urine, the mixture was 
allowed to stand for seven instead of five minutes, and then diluted to 
500 c,c. with water. Folin (8) stated that the maximum intensity of colour 
occurs in five to nine minutes after mixing. We have always waited seven 
minutes because we found that five minutes was not always sufiScient if 
the urine was slightly diluted, as occurs in the estimation of the 
creatinine creatine by this method. The matching was done with a. 
Dubosoq colorimeter against an N/2 potassium bichromate solution. All 
the matching was done by E. P. P. while the scale was read by G. G,, six: 
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to eight readings were made and the mean was taken. The total nitrogen 
was estimated by KjeldahTs method. The aceto-acetic acid + acetone was 
estimated by the Messinger-Huppert method. 

The substances tested were prepared in the following manner, and we wish 
to thank Dr. Hurtley for very kindly snppbdng us with them. The 
)8-oxybutyric acid was extracted from urine and the strength of the solution 
was accurately known ; the solution was nearly colourless. The acetone 
was chemically pure. The ethyl ester of aceto-acetic acid was obtained 
by distilling the pure commercial ester under reduced pressure, and the 
product boiled constantly at the correct boiling point for the pure substance. 

The aceto-acetic acid was obtained from tlie ester, which was liydrolysed 
by adding the theoretical amount of normal caustic soda, and allowing it to 
stand at the room temperature for 36 hours, when the hydrolysis was 
complete. It will be seen that the solution used consisted of the sodium salt 
of aceto-acetic acid and an equivalent amount of ethyl alcohol. The mixture 
was diluted and the amount of acetone present was determined by Folia's 
method (9). The amount of aceto-acetic acid coiresponding to the acetone 
present was deducted from the theoretical amount of aceto-acetic acid in 
order to get the correct value for the aceto-acetic acid. The aceto-acetic 
acid was kept in an ice chest in order to prevent its decomposition, and was 
tested froih time to time by means of the Folin and Messinger-Huppert 
methods. 

/9-oxybutyrio acid, acetone, the ethyl ester and the sodium salt of aceto- 
acetic acid all give an orange colour when treated alone with picric acid and 
soda, but on dilution the solution is much paler than the usual colour 
obtained with urine under these conditions. Tliese substances were then added 
to urine in varying concentrations, and the colour pi’oduced by the addition 
of picric acid and soda was compared with the c(dour produced by the urine 
alone with the picric acid and soda, without the addition of these substances. 
The addition of )9-oxybutyric acid produces practically no alteration in the 
colour obtained by adding picric acid and soda to urine. 

Thus when added to the urine (Table 1) in amounts corresponding to 
0*036 grm. per 100 c.c. and 1 grm. per 100 c.c. it caused no error at all 
in the creatinine determination. When present in amounts coiresponding 
to a 216-per-oent. solution it made the colour slightly lighter, causing a 
difference of 0*27 mm. scale reading, which is almost within the limit of 
accuracy of the method. The amounts of the )8-oxybutyric acid added 
are quite comparable with those found in the urine in diabetes, aud as the 
error caused even by large amounts is so small its effect may be safely 
neglected. 

Q 2 
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Table I shows the Effect of Increasing Amounts of j8-oxybutyric Acid, 
Acetone and Aceto-aoetic Ethyl Ester on the Determination of 
Creatinine in Urine. 


Oonoentration 
in urine, per 
cent. 

1 

! Gramme# per 
! day in 1600 o.o. 
urine. . 

Scale reading 
in mm. 

Creatinine, 
}^rm. per 100 c.c. 

Krror in tbe 
determination of 
creatinine, 
grm. per 100 o.c. 

j8-oxybut^lc aoid added to urine. 




0 

0 

7 

0*116 

( 

OW 

0*64 

7 

0-116 

0 1 

1 

16-0 

6 ‘88 

0*118 

+ 0-002 

2 16 

32 -4 

7-27 

0*111 

- 0-005 ' 

Acetone added to urine. 



{ 

0 

0 

7 

0 116 

i 

0*04 

0-6 

1 7*1 

0114 

+ 0*002 1 

0-17 

2*6 

7 

0*116 

0 1 

1 

16 

7*6 

O'lOS 

-0*01 ! 

1*6 

24 

8*24 

0 *098 

-O-Ois ! 

7-6 


12 -34 

0*066 

-.0*06 1 

Aoeto*aoetio etbprl ester added 



1 

1 

to urme. 



i 

0 

0 

7 

0*116 

i 

0-1 

1 -6 

7*2 

0*113 

-0*003 i 

OS 

7 ‘5 

7*6 

0 *108 

-0*008 I 

0*76 

10 -7 

8-17 

0*(X19 

-0 *017 

1 

16 

6*9 

1 0 117 

+ 0*001 

2 

30 

6-8 

! 

0*128 

i 

+ 0*012 


Acetone if added to the urine in amounts less than 0*2 per cent. (Table 1) 
does not introduce any error at all. A 1-per-cent, solution makes the colour 
lighter than usual, while if the acetone is present in larger amounts the 
colour becomes much lighter and it fades very rapidly on standing. As 
acetone is excreted in urine in very small amounts the creatinine determina- 
tions will not be affected, as a 0’17-per-cent, solution caused no error. These 
results do not agree with those of van Hoogenhuy^e and Verploegh (13) and 
Krause (IG), who found tliat a l-per-cent. acetone solution made the colour 
darker, but that the error diHaj)i)eared on standing. 

Aceto-acetic ethyl ester when present in small quantities produces a slight 
lightening of the colour. Thus a 0*1- and 0’75-per-cent, solution causes an 
error in the scale reading of 0’2 and 1*1 mui. Larger amounts, on the otlmr 
hand, cause a darkening effect, but the colour becomes much redder tlian 
usual, which makes it really impossible to match it with the N/2 bichromate 
solution. These results agree with those obtained by Krause (16), Wolf 
and 08terberg(22), and Rose (20). This experiment is not of much practical 
importance, os the ethyl ester is never excreted in urine, but we have made 
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it because other observers have added this substance to urine instead of 
aoeto-aoetio acid. 

The sodium salt of aceto-acetic acid produces a much more marked effect 
than the other acetone bodies. Even when added to urine in small amounts 
the colour obtained with picric acid and soda is not darker, as stated by 
Krause (16) and others, but is actually lighter, and when present in large 
amounts the colour is very much lighter (Table II and fig. 1). The error 
is not eliminated on standing but increases. 


Table II shows the Effect of Increasing Amounts of Aceto^acetic Acid on the 
Estimation of Creatinine in Urine. 


Acoto-acetic acid added 

Scale 

Creatinine. 

Error in the creatinine 

t(> urine. 

j 

reading. 

determination. 

grm. per 

100 c.c. 

grm. per 24 hre, 
ill 1 600 c.c. 


grm, per 

JOt) C.45. 

grm. per 

100 C.O. 

per cent. 

0 

0 

7 

0*116 

0 

0*0284 

0 *86 

7 *83 

0*111 i 

0-006 

4*8 

0*0408 

0*702 

8 

0*101 

0*016 

12-9 

0*008 

1*4 

9 

0*09 

0*026 

22*2 

0-187 

2*8 

11*8 

0*072 

0-044 

88 

0-874 

6*6 

i 1 

14 *66 

0*066 

' 

0-061 

62 *6 


Thus if the concentration of the sodium aceto-acetate is only 0‘02»^4 or 
0*0468 per cent, the creatinine estimation is too low, the actual errors being 
0*006 and 0*015 grm. respectively. The error produced by larger amounts 
is very striking, for if the concentration is increased to 0*374 per cent, the 
error is as great as 0*061 grni., and the percentage error in this case is 
52-6 per cent. As amounts of aceto-aoetie acid up to a concentration of 
0*4 per cent, may be excreted in diabetes, the error caused in such cases 
must be very great. If the error in the creatinine determination be plotted 
against the concentration of the aceto-acetic acid the resulting curve is 
almost a straight line. (fig. 1). 

The chemistry of this action is at present engaging our attention. 

It was not possible to isolate the pure acid and add it to urine, but this 
does not matter, as the aceto-acetic acid is excreted in the urine partly as 
the free acid and partly as a salt Moreover, in the process of estimating 
the creatinine an excess of caustic soda is added, and this must convert all 
the free acid into the sodium salt 

The solution of sodium aceto-acetate used in bur experiments also con- 
tained 0*37 grm. ethyl alcohol to 1 grm. of Hceto-acetic acid. 

The presence of ethyl alcohol in the sodium aceto-acetate solution (due to 
its mode of preparation from aceto-acetic ethyl ester) is a possible disturbing 
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factor, as it might be the cause of the colour change. However, the addition 
of alcohol to urine in amounts which correspond to those, added with the 
sodium aoeto-acetate did not produce any alteration at all in the colour. 
The possibility still remained that it was the mixture of the alcohol with 
the sodium aoeto-acetate which was responsible for the change in colour. 
There is no means of directly disproving this hypothesis, os the alcohol 
cannot be removed from the sodium aceto-acetate solution without destroying 
the salt. There is, however, indirect proof that this is not the case, as will 
be shown in the following paragraphs. 

Aceto-acetic acid is excreted in the urine during carbohydrate starvation. 
As will be shown later on, the aceto-acetic acid can easily bo removed from 
the urine without breaking down creatinine or creatine, and this procedure 
was followed in three diet experiments which will be described in detail 
later on. The urine which contained aceto-aoetic acid had apparently less 
creatinine in it than the urine from which the aceto-acetic acid had been 
removed. Thus on the 2nd day Experiment I, a concentration of aceto- 
acetic acid of 0*065 per cent,, caused an error in the creatinine figure of 
0 017 gnn. per 100 c.c., and a concentration of aceto-acetic acid of 0*081 per 
cent, on the third day caused an error in the creatine of 0 028 gnn. per 
100 c.c. On the second and third days of Experiment II the concentration 
of aceto-acetic acid of 0*085 and 0T12 per cent produced errors of 0*018 and 
0*027 grm. per 100 c.c. respectively (Table III). 

Table III shows the Error caused in the Estimation of Creatinine caused by 
the Excretion of Aceto-acetic Acid in the Urine consequent on 
Carbohydrate Starvation. (Extracted from Tables VII^IX, pp. 217 
and 218, of this paper.) 


Day. 

Concentration of 
aoeto-ftoetic acid 
per too e.c. 

Error caused by 
aoeto-acetio acid 
in detenaination 
of creatinine. 



grm. per 100 o.e. 

Piet, Experiment I — 

, 

0*065 


2 

0*017 

« 

0*081 

1 

0*086 

Piet, Experiment Tl — 

0 089 

! 

, 1 

0*006 

2 

0*086 

1 0 *018 

3 ; 

0*112 

0*087 

Piet, Experiment III— - 

0*086 

■ 

i 

0*01 

* ! 

0*072 

0*008 
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These figures have been plotted on the fig, 1 previously referred to and they 
lie fairly close to the curve. The figures for the second day of Experiment I 
and for both days of Experiment II lie somewhat below the curve, while the 
figure for the third day of Experiment I lies a little above the curve, but the 
difference is in no case great. 



Fig, 1. — The curve shows the error iu grammes per 100 c.c. in the estimation of creatinine 
caused by increasing amounts of aoeto-acetic acid. Abscissa; : percentage concen- 
trations of aceto-acetic acid. Ordinates : the error in the creatinine determinations 
expressed in grammes per 100 c.c. 0 =» the error in the creatinine determinations 
on second and third days of Expt. I (Table VII). □ the error on first, second, 
and third days of Expt. II (Table VIII). 

It must be remembered that the figure for the concentration of the aoeto- 
acetic acid in the diet experiments was obtained by the Messinger-Huppert 
method, which makes no distinction between acetone and aceto-acetic acid. It 
is true that acetone is only present in urine in small amounts, but in consider- 
ing the effect of the aceto-acetic acid some allowance should be made for the 
amount of acetone present. A diminution in the concentration of the aceto- 
acetic acid would make the points below the curve more nearly approximate 
to the curve but would displace the point above the curve away from the 
curve. 

The general agreement between the errors produced by aoeto-aoetic acid in 
these expenments, and the errors produced when sodium aceto-acetate con- 
taining ethyl alcohol is added to urine, point to the oonoluaioa that it is the 
aceto-acetic acid itself and not the alcohol that causes the errors, in the latter 
case. 

Our experiments agree with those of Greenwaid and show that the aoeto- 




212 MeBBTS* G. Graham and E, R Ponlton. The AUeged 

acetic aoid produces a considerable error in the estimation of creatinine, so 
that the result obtained is too low. 

II. A Method for Removing Aceto-acetic Acid from Urine Preliminary to the 
Estimation of Creatinine, 

In Folin's method for estimating the creatinine -f creatine, the creatine is 
converted into creatinine by heating on a water-bath for tliree hours with 
nonnal hydrochloric acid- This procedure removes all the aoeto-acetic acid 
from the urine by converting it into acetone, which is distilled away. Thus 
the aceto-acetic acid could not be detected by Ilothera*s(21)* nitroprusside 
test after one hour*s heating. Consequently the estimation of the creatinine 
•f creatine will not be disturbed by the presence of any aeeto-acetic acid and 
will be accurate, but the result of the creatinine estimation which is carried 
out in the presence of aceto-acetic acid will be too low. Consequently the 
result obtained for the creatinine + creatine will be higher than that for the 
creatinine and will lead to the conclusion that creatine is present in the urine 
whether this is actually the case or not. 

The aceto-acetio acid must, therefore, be removed from the urine before the 
determinations are made. Grcenwald (12) extracted the urine with ether for 
two hours and found that the aoeto-acetic acid was all removed by that 
process ; the ether was subsequently removed by aeration for one hour. This 
process involved some dilution of the urine and in order to get over this 
difficulty Greenwald added twice the amount of picric aoid and soda. Tins 
method takes some time to cany out and in our experience it is better if 
possible to avoid all dilution of the urine, especially when the urine is dilute 
to begin with, in order to get correct results. 

The method which we employed (10) is very much simpler and we have 
now tested it carefully and motiified it slightly (11). 

1 c.c. of 10-per-cent, phosphoric acid is added to 10 c.c. of urine in a 
boiling tube 200 mm. long and 30 mm. wide. The mixture is then heated in 
a water-bath of which the temperature is between 65^ and 70® C. and at 
a pressure of about 210 mm, of mercury produced by means of a filter pump. 
Bumping is prevented by allowing air to bubble slowly through the liquid by 
means of a capillary tube dipping into it. The temperature must not rise 
above 70® C. nor the pressure fall below 210 mm. or else concentration of the 
urine takes place. If the above directions are followed only a few drops of liquid 
are distilled over into the receiver, as the result of three-quarters of an hour's 
distillation. At the end of this time the process is stopped and the solution 

* Rotbera’fc test has been shown by Hurtley (14) to be a test for aoeto-aoetic acid as 
well as for acetone. 
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cooled. The mixture in the boiling tube is neutralised with 1*5 c.c. of 
10“per-cent. soda* and then 15 c.c. of saturated picric acid and 5 c.c. of the 
soda are added. The mixture is allowed to stand seven minutes and then 
the contents of the boiling tube are washed into a 500 c.c. flask and diluted 
up to 500 C.C, with water. By heating for three-quarters of an hour, the aceto- 
acetic acid can be completely removed even if it is present in a concentration 
of 0*2 per cent. 

If the concentration of aceto-acetio acid is greater than 0*2 per cent., the 
distillation must be continued for a longer time, and the complete removal of 
the aoeto-aoetic acid must be ascertained by testing a control with Rothera^s 
nitropruaside test. We have continued the distillation for one and a half 
hours, and find that no error in the creatine estimation occurred. 

We have tested the method in the following manner. The amount of 
creatinine in a normal urine was determined, and aceto-acetic acid was then 
added in varying amounts to the urine, and the creatinine again estimated. 
The aceto-acetic acid was then removed by the distillation method, and the 
creatinine again estimated. The results obtained show that the distillation 
did not break up any of the creatinine, and that the aceto-acetic acid was 
completely removed (Table IV). 


Table IV shows that the Error caused by Varying Concentrations of Aceto- 
acetic Acid in the Urine is completely removed by the Distillation 
Method. 


Amount of aoeto- 
aoetic aoid added to 
urine. 

Creatinine by FoUn’s method. 

Oreatinine after 
remoral of the aoeto- 
aoetic acid by the 
dietillation method. 

Urine alone. 

Urine + acoto-acetic 
aoid. 

grm. per 100 o.o. 

0 -088 approx. 

0 1>44 „ 

0-18 

0*27 

grm. per 100 c.o. 1 gmi. per 100 c.c. 
0-146 1 0 -188 

0*108 0-097 

0 *000 1 Not emtimated 

0-000 i 0 068 

grm. per 100 o.o, 
0-146 

0*106 

0-096 

0-004 


One of the most important questions to decide was whether ci'eatine was 
converted into creatinine in this process of distillation. 

Pure crystalline oreatinef was added to normal urine in varying amounts, 

^ The phosphoric acid must be adjusted against the lO-per-cent. caustic eoda, and the 
Comet amount of caustic eoda neceesary to neutralise 1 c.a phosphoric acid must be 
added. 

+ We wish to thank Dr. F. G. Hopkins and Mr. Mackenzie Wallis for kindly 
supplying Us with the pure creatine. 
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and the creatinine was then determined by Folin’s method and by the 
distillation method. The creatine was then oonverted into creatinine by 
heating on the water-bath for three and a half hours or longer with 6 ac, 
normal hydrochloric acid, in order to get the creatinine 4* creatine figure. 
These experiments show that in no case was any creatine converted into 
creatinine by the distillation, even when {Experiment 5) there was actually 
more creatine (0’162 grm.) than creatinine (0*119 grm.) in the urine 
(Table V). In the first three experiments, when creatine was present in 
small amounts, practically all the creatine added to the urine was converted 
into creatinine by heating for three and a half hours on the water-bath. In 
the fourth experiment, when 0*076 grm. of creatine was present in the urine, 
only 48 per cent, of the creatine was converted into creatinine after 
three and a half hours, and even after five and a half hours only 89 per 
cent, could be recovered. In tlae fifth experiment, with a very large amount 
of creatine (0*162 grm. per^ 100 c.c.), only 28 per cent, was converted after 
heating for three and a half hours. 


Table V shows that Creatine is not broken down into Creatinine by Heating 
with Phosphoric Acid in the Distillation Method. 


No. of 
expt. 

AmouHfc of 
creatine 
calculated 
an 

creatinine 
added to 
urine. 

Oreatmine. 

Creatinine 

+ 

creatine 

calculated 

as 

creatinine. 

Creatine 
recovered 
in the 
cBtimation 

ai 

creatinine. 

Creatine 
added to 
tirine at 
creatinine. 

Per- 

oentage 

recover^. 

method. 

. 

BUtilla- 

tion 

method. 


grm. per 

grm. per 

grm. per 

gym. per 

grm, per ] 

grm. per 



100 O.C. 

100 q.c. 

100 C.C. 

100 o.c. 

100 c.c. 

100 c.c. 


3 

0*01 

0*071 

0-071 

o*osit 

0*01 

0*01 

100 

2 

0*016 

0 096 

0*096 

o*uot 

0*016 

0 *016 

96 

8 

0*084 

0 -112 

0*118* 

0 146t 

0*083 

0-084 

97 





r 0*184t 

0 •087t 1 


f 47*6 

4 

0*070 

0U7 

0*117 

( 0 185t 

0*068J:y 

0-078 

^89*6 


i 



1 0*J88§ 

0*068|J 


L 88 

5 

0 *162 

0-I19 

0*120 

0*168f- 1 

I 

0*044 j 

0-162 

24 


• houni. 


t Heated for S| houm on the water- bath. 

X II ^ » II 

$ By the autoclave method, 

Benedict and Myers (3) have also noticed that the water-bath method 
gave an incomplete result, when urine containing 0'066 grm, creatine per 
100 c.c. was used. Mellanby(18) has pointed out that five hours' heating 
on the water-bath is usually neoessaiy to get a complete oonvennon. 
However, our observations show that three and a half hours on the water- 
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bath is sufficient to estimate accurately small amounts of creatine up to 
0*034 grm. per 100 c.c., but that a greater quantity than this cannot be 
converted quantitatively into creatinine in three and a half hours. Larger 
amounts than 0*034 grm. per 100 o.c. must be heated for more than three 
and a half hours, and it is very difficult, even so, to convert all the creatine 
into creatinine. As the greatest amount of creatine found by Cathcart(5) 
in a case of carbohydrate 8tai*vation was 0*38 grm. j)er day, three and a half 
hours* heating on a water-bath would be quite sufficient to convert prac- 
tically all the creatine, that might be present in the urine, into creatinine. 

Finally, to test the accuracy of the distillation metliod, we have employed 
it for urines containing both creatine and aceto-acetic acid in solution 
together (Table VI). In one experiment creatine was added to normal 
urine, and the estimations were carried out with and without the addition of 
aoeto-ocetic acid. In the second exj)eriment the creatine was added to part 
of the urine of the third day of the diet experiment (Table VIII). In this 
case the urine already contained aceto-acetic acid. The I'esults (Table VI) 
show that, even when both aceto-acetic acid and creatine are present at the 
same time, the aceto-acetic acid can be removed from the urine without 
breaking up the creatine, and that the creatine, if present in small amount, 
can be converted almost quantitatively into creatinine after three and a half 
hours* heating. The series of control experiments shows that the distillation 
method gives satisfactory results. 


Table VI shows the Accuracy of the Distillation Method for Urines 
containing both Creatine and Aceto-acetic Acid. 




Creatinine. 

1 

Folin'^ 1 DiHillation 
method. method. 

Creatinine 
+ creatine 
(m 

oreatiuine), 

FoUn’s 

method. 

Creatine 
recovered 
by experi- 
ment (a» 
creatinine). 

Pereentage 

recovered. 



grm. per 
100 O.C. 

grm per 
100 O.C. 

grm. per 
100 o.c. 

grm. per 
100 o.c. 


A 

Normal uriixe *(• oreatioa 
O'Ol grm. per 100 o.c. 

0^1 

0-070 

0*080 

0 01 

100 


Same urine 4 creatiue 
0*01 grm. per 100 o.c. 
40*08 grm. of aoefco- 
; aoetio acid per 100 o.c. 

0-047 

0-070 

0*079 

0*009 

90 

B 

Urine of Day 8, Bxperi. 
meni 11, containing 
0*112 grm. of acefco- 
aoetic acid per 100 c.o. 

0*10 

0*119 

0*119 

i 

0 



Same nrioe + creatine 
OmH gem. per 100 c.o. 

0*10 

0 *120 

1 0 *166 

1 

' 

0*086 

90 
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In the examination of any urine which contains aceto^aoetio acid, amd 
which is thought to contain creatine, two estimationB are required, namely, 
that of the total creatinine + creatine by the original Folin method, and that 
of the creatinine alone by the method given in this pa})er. 

III. Alleged JExcreMon of Gveatine on a CarhohydreUefree Diet. 

It is well known that the consumption of a diet containing no carbo- 
hydrates produces acidosis, with the excretion of /8-oxybutyric acid, aoeto-aoetic 
acid, and acetone. The aceto-acetic acid will cause an error in estimating 
creatinine and creatine, and must be removed to get accurate results. 

We have performed three diet experiments on three separate individuals, 
and have investigated the creatinine and creatine excretion, taking this 
precaution. The experiments were begun about 12 hours after the last 
ordinary meal in Experiments I and III, and six hours after, in Experiment II- 
Tables VII, VIII, and IX show the various determinations made. The 
creatinine was first of all estimated directly by Folin’s method without 
removing the aceto-acetic acid, and the results are referred to as apparent 
creatinine.” Tlie true creatinine was then obtained after removing the 
aceto-acetic acid by the distillation method. The creatinine + creatine was 
determined by heating the urine for three and a half hours on the water- 
bath with hydrochloric acid. By subtracting the apparent creatinine values 
from the creatinine + creatine output, the apparent creatine was obtained, 
and, by subtracting the true creatinine from the creatinine + creatine, the 
true creatine output was obtained. Duplicate determinations were performed 
in each case, and in each determination the mean of six to eight readings of 
the scale was taken. 

In Experiment I (E, P. P.), cream alone was eaten on the first two days ; 
on the third day protein was added to the. diet. The calorie value of the 
diet was low. The effect of the withdrawal of carbohydrates was shown by. 
the prompt appearance of aceto-acetic acid in the urine. On the first day 
the uitroprusside reaction (Rothera's) was faint, but on the second and third 
days it was well marked, and 0*872 and 0*874 grm. of aceto-acetic acid were 
excreted. On the first day the apparent creatinine was 1*82 grm., while 
the true creatinine and creatinine -f creatine was 1*78 and 1*80 respectively, 
so that no creatine was excreted in the urine, as the difference is within the 
limits of exi^eriraental error. On the 2nd day the apimrent creatinine was 
diminished to 1*58 grm., while the true creatinine and creatinine -h creatine 
were practically the same as on the previous day, 1*81 and 1*82 grm. The 
apparent creatine was, therefore, 0*24 grm., while no true creatine was excreted. 
On the third day the apparent creatinine hod fallen to 1*42 grm., while the 
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true oreatiBine and creatiaine-f oreatiue was still 1*72 gm. Tha apparent 
creatine had, therefore, increased to 0*31 grm., while as a matter of fact 
no true creatine was excreted. 

In Experiment II (G. G.) f pint of cream and two eggs were eaten on each 
day. Tlie amount of aceto-acetic acid excreted was greater than in Experi- 
ment I, and the nitroprusside reaction was quite strong on the first day, 
0*3 gnu. being excreted. On the second and third days the aceto-acetic 
acid amounted to 1*06 and 1*46 grm. The true creatinine output was 
slightly lower than in the case of E. P. R, but it remained equally constant 


Table VI I. --Experiment T. Subject, E. P. P. Date, June 18-20, 1913. 





By the Folin method. 

After removal of 
{ aceto-acetic acid. 

Aceto-acetic acid. 

Day. 

Volume. 

Total 

nitrogen. 

Apparent 

Creatinine 

4. 

. ■ True 

Apparent creatine, ereatinine. 

True 

creatine. 

Grm tier 

Concentra- 
tion in 
100 c.c. 




creatinine. 

creatine. 

Orm. per 

G-rm. per Grm. per 

Grru. per 

day. 






day. 

100 o.c. day. 

day. 




0.0. 

grm. 

grm. 

gnu. 


0 I 1 -78 




1 

740 

12 

1*82 

1-80 

0 

0 

— 

— 

2 

670 

18*6 

1 *68 

1*82 

0*24 

0 018* i 1 *81 

0 

0’872 

0-066* 

3 

1070 

16*25 

1 *42 

1*72 

0*80 

0 -028 1 1 -72 

0 

0*874 , 

0-081 


Diet eaten. — Day 1 and 2 ; Cream, 800 o.e. Calorie ralue (upproximate) , 1060. 

D*y8: Cream, 800 c.o. ; plaamon, 50 grin. ; eggs, 2 Calorie value (approximate), 1640. 


* On this day the volume of urine was small and an equal volume of water was added to it before the creatinine 
determinations were made in order to get a reading on the colorimeter scale within the limits advised by FoUn. This 
dilution will halve the concentration of the aceto-acetic acid in the solution used for the FoUn estimation, which 
become* actually less than that of tlio succeeding day. 


Table VIII.— Experiment II. Subject, G. G. Date, June 22-25, 1913. 





By the FoUn method. 


After removal 

of aceto-acetic acid. 

■ 

Aceto-acetic acid. 

Day, 

Volume. 

Totel 

nitrogen. 

Apparent 

creatinine. 

Creatinine 

Apparent creatine. 

True 

creatinine. 



True 

oreatiue. 

Grm. per 

aaj^. 

Oonceti- 

i 



creatine. 

Grm. per 
day. 

Grm. per 
100 C.O. 

tration per 
100 0,0. 

i 

i 

1 ; 

c.o. 

1310 

grm. 

grm. 

1*46 

grm, 

res 

0*07 

0-0058 

grm. 

1 *62 

grm. 

0 

0*8 

0*029 

2 

128& 

12^ 

1 *21 1 

1-43 

O'sa 

o*om 

1*48 

1 ^ 

1-06 

0*086 

3 

mo 

11 *86 

1*17 1 

1*68 

0*86 

0'0274 

1-52 

! 0 

1*46 

0*112 



Diet eaten.—Oreaw, 400 c.o. j eggs, 2. 

Calorie value (approxiina^), 1400. 
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Table IX. — Experiment III. Subject, M. D. Date, June 25-28, 1913. 






By the Folin nrathod. 


After removal of 
tt<^eto-aoetio acid. 

Aceto^aoetic acid. 

§ 

Volume. 

Total 

nitrogen. 

Apparent 

creatinine. 

Oreatmine 

+ 

creatine. 

Apparent creatine. 

0rm. [ drm. |)er 
per day. ■ 100 e.e. 

True 

creatinine. 

True 

oreatlnc. 

Grm. 
per day. 

Ooncentra* 
tion per 
100 c.c* 

1 

1!.C, 1 
600 1 

grm. 1 
11 *99 1 

grm. 

1 *93 

grm. 

2*06 

0*12 

0*010 

2*08 

0 

0*43 

0 ‘0S6» 

2 

750 1 

14*43 1 

2 *02 

2*14 

0‘12 

0*008 

2 16 

> 0 

0*99 

O'OOd* 

8 

1 1220 

14*82 

2*09 

2*26 

0 16 


1 2*27 

0 

— 

— 



Diet eaten. — Cream, 600 c.c. ; egga, 3. Calorie value (approximate), 1600 ealories. 



• On these days the volume of urine was small and an equal volume of water was added to it before the creatinine 
determinations were made in order to get a reading on the colorimeter aoaie within the limit* advised by Folin. This 
dilution will halve the concentration of the aceto*aoetio acid in the urine. 


throughout the experiment, viz., 1'5 grm. On the first day the apparent 
creatine was already 0'07 grm., and on the second and third days it had risen 
to 0 22 and 0'36 grm. respectively, but no true creatine was excreted at all. 
The difference in the scale reading between the apparent and true creatinine 
was 2 mm. on the third day of this experiment. It has been previously 
shown (p. 211, fig. 1) that the error in the estimation of the creatinine caused 
by the aceto-acetic acid in these two experiments agrees fairly closely with 
the error caused by adding the same concentration of a sodium aceto<acetate 
solution to normal urine. 

As it was necessary to be absolutely certain that if any creatine was 
present in the urine it would be converted into creatinine by the methods 
we have used, some pure creatine was added to a part of the urine of the 
third day in Experiment II. The estimation of the creatinine +ci«atine in 
the plain urine and in the urine to which creatine had been added was 
oarrietl out under precisely similar conditions on the same water-bath. 
The result (Table VI) showed that in the plain urine no creatine was 
converted into creatinine, but that the creatine was almost quantitatively 
converk'd into creatinine in the sample of urine to which creatine had been 
added. This control experiment shows that creatine if present in the urine 
is detected and estimated by the methods employed. 

As we wished to confirm the re.sult8 of these experiments on ourselves, 
Dr, M. Donaldson very kindly took the following diet for three days, vi*., 
{ pint of cream and throe eggs each day. We wish to express onr thanks 
to him. The urine gave liothera’s nitroprusside test on the first day, and 
this reaction was well marked on the second and third days. The true 
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creatinine in the urine was again very constant for the three days, lying 
between 2 and 2*3 grm. On the first and second days the apparent creatine 
was 0*12 grm*, and on the third day it was 0*16, while no true creatine was 
excreted, The apparent creatinine was not so low as in Experiments I and 11, 
but its difference from the true creatinine was quite definite enough to be 
measured on the colorimeter. 

Dincmsion of JiemtfU, 

These three experiments show that the removal of carbohydrate from the 
diet causes an excretion of aceto-aoetic acid in satticient amount to cause an 
error in the estimation of creatinine, so that the results are too low and 
creatine is apparently excreted* 

Gathoart(5), Benedict (2), Mendel and Rose (19) state that creatine occurs 
in the urine under somewhat similar conditions to those under which we have 
worked. The amounts of creatine tiiey obtained were about the same as 
those appiirently obtained by us, before we removed the acoto-acetic acid, €,g. 
the largest amount that Cathcart(5) found on a fat diet was 0*38 grm., which 
is slightly more than the apparent creatine we found on the third day of 
Experiment II, 

Cathcart remarks that the creatinine excretion diminishes to a certain 
extent, as the result of a fat diet. We have found that it remains constant 
throughout, and in the case of 6. G. agreed very closely with tlie amount of 
creatinine excreted 13 months before on a pure fat and carbohydrate diet (10). 
However, the error caused by the presence of aceto-acetic acid in the urine 
results in less creatinine being found than is actually present. 

Our experiments extended over about the same time as those of Cathcart, 
but there was a slight diffeience, viz., that we liad no preliminary starvation 
day. However in Experiment I the condition of semi-starvation was really 
very similar to that of one day’s complete starvation, as only half a pijnt of 
cream was taken and the calorie vahxe was 1060. 

We have also published a case of carbohydrate starvation (10) lasting for 
10 days in which the diet bad a calorie value of only 1969 per diem, No 
creatine woe excreted at any time, and the creatinine excretion remained 
constant throughout* 

From these results we draw the conclusion that mere carbohydrate starva- 
tion itself does not cause an excretion of creatine in the urine* 

Naturally, no conclusion can be drawn from these ex i.)erimen teas to whether 
creatine is excreted during prolonged periods of total starvation* but we 
maintain that in all those many physiological and pathological conditions in 
which acetone bodies are excreted in the urine, the estimations of creatinine 
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and creatine muBt be inaccurate, unlesa the precaution is taken of removing 
the aoeto-acetic acid from the urina 

ConclimonH. 

L The presence of aceto-aoetic acid always causes an error in the estimation 
of creatinine and the error increases with increasing amounts of aceto-acetic 
acid. As the result of this error the estimation of creatinine will be too low. 
This error is not eliminated if the diluted urine ia allowed to ataiul for 
varying lengths of time before making the readings. 

2. The aceto*acetio acid is removed in the estimation of creatinine 4* 
creatine and does not cause any error. 

3. As the creatinine figure is too low and the creatinine 4- creatine figure is 
conect, it will appear that creatine has been excreted. 

4. Acetone and /S-oxybutyric acid, if present in amounts comparable to 
those wliich usually occur in urine, produce practically no error in the 
estimation of creatinine. 

5. A simple and reliable method has been devised for removing aoeto- 
acetic acid, preliminary to the estimation of creatinine. 

6. In our experiments a carbohydrate-free diet did not cause the excretion 
of any creatine, 
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On Medullosa pusilla. 

By D. H. Scott, LL.D., D.Sc.. For.Sec.E.S. 

(Beceived August 12, — Read November 20, 1913.) 

[Plate 18 .] 

In the second edition of my ‘ Studies in Fossil Botany/ I referred in the 
following words to the fossil plant which forms the subject of this notice. 
“ A very small Medullosa (named provisionally Medullosa pusiUa), the stem 
with the leaf-bases not exceeding 2 cm. in diameter, has since been found by 
Mr. P. Whalley, of Colne, Lancashire. The stem has three steles, and 
agrees very closely with M. anglica, except in size.”* 

In order to clear the ground for other observers, it now seems desirable 
to give some further account of this fossil, with the necessary illustrations. 
Though the plant differs in no important respect from the now well-known 
species M, anglica, it is of some interest, as probably the smallest Medullosa 
on record. 

The fossil, as Mr. Whalley informs me, comes from the Soap-stone, imme- 
diately above the Halifax Hard Bed of the Lower Coal Measures. Its 
horizon may thus be compared with that of the roof-nodule specimens in 
other localities. 

I have only two sections of the stem, sent me by Mr. Whalley on 
January 24, 1906. There are also a couple of sections received this year 
which appear to be of the same plant, and perhaps of the same specimen, but 
only show a leaf-base or petiole. 

Both the sections of the stem are transverse, but in one of them a stele is 
shown partly in longitudinal section, owing, no doubt, to displacement 
(Plate 13, fi^. 2, above). This has enabled me to compare the minute 
structure of the wood with that of M, anglica. 

General Structure. 

The extreme dimensions of the specimen as shown in the sections are 
22x13 mm.; the form is much. distorted, and in the direction of the 
longest diameter tissue has manifestly been lost. Three leaf-bases are 
present, one of which is well preserved and practically complete, while the 
other two ere crushed and imperfect (figs. 1 and 2). They all contain 
numerous vascular bundles, and are bounded by a " Spaigaunm ” cortex. 

* P. 441, footnote, 

toil. iXMrra.----a n 
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The best leaf-base nteasures about 13 mm. in the tangential and 8 mm^ in 
the radial direction. 

The tri-stelar vascular system of the stem (hg. 3) is enclosed in a d^nite 
but irregular ring of dark tissue, which, judging from the best-preserved 
portion, is evidently an internal periderm (c/. text-fig. B). The approximate 
dimensions of the region enclosed by the periderm are 7 x 5‘6 mm. The 
general structure is clearly the same as that of M. aii^liea, in which three 
leaf-bases appear in the transverse section, and the vascular system is also 
normally tri-stelar (Scott, ’99, text-fig., p. 126, Plate 6, Phot. 1). In the 
specimen of M. anglim referred to, the dimensions in its present condition are 
10‘5 X 3 7 cm. The natural diameter would no doubt have been a little over 
7 cm., and the other specimens investigated do not differ greatly in size. In 
M.puailla the natural diameter cannot be directly measured, as two of the 
leaf-bases are crushed and inoomplete. Judging from the radius of the best- 
preserved portion, the true diameter must have been just about 2 cm. This gives 
a proportion between M. ang^ica and M.pmUla of rather more than 3'5;1. 
If we compare the stelar systems, the diflterenoe is somewhat greater — that of 
M. anglim in the best-preserved specimen measuring about 4x2 cm. as 
against 7 x 5'6 mm. in JT. pmsilla, taking the periderm as the boundary in 
both oases. From the means, 3 cm. and 0‘626 cm. respectively, we get a 
proportion of 4'8 : 1. Boughly, we may say that the linear dimensions of 
ilf. puailla were about one quarter of thow of a typical specimen of M. angliea. 

Stelar Sgetem. 

The three steles are nearly equal in size, attaining a diameter of about 
3 mm. Little is preserved except the wood, though here and there remains 
of the cambium and phloem can be found. The primary wood has a 
somewhat triangular transverse section (fig. 3). It is composed for the most 
part of tracheides, with oompei-atively little xylem-parenohyma among them. 
The smallest elements, presumably protoxylem, are found at the prominent 
angles, very near the outside of the primary xylem, but whether the 
structure was slightly mesaroh or actually exarch could not be determined 
with certainty; there is evidence pointing in both direotiona Similar 
dififtoulties were met with in tlm case o{ M. anglim, but there, with the help 
of the longitudinal sections, it was possible to obtain definite proof of 
mesarch structure (Scott, '99, Plate 10, fig. 5). In M. pwtUla the partially 
longitudinal section of one stele does not clearly show the poeiticm of any 
protoxylem group. 

The secondary wood is very unequally developed, attauning its greatest 
thickness, about 12 elements, on the in^ side of the steles (fig. 8), as has' 



also been observed in M, angina (Soofct, ’99, p. 89, Plate 5, Phot. 1, Plate 6, 
Phot 5). On the outer side it thins out, or may even be interrupted, 
perhaps in connection with the departure of a leaf-tetoe bundle. The 
medullary rays are numerous, with the traoheide>bands between them only 
1-3 elements in width. 

The longitudinal section shows something of the primary as well as the 
secondary wood. In both, the tracheides have multiseriate bordered pits, 
sometimes ranged in as many as six rowa One or two narrow scalariform 
or spiral elements can also be recognised in the outer part of the primary 



TaxT-rio. A. — ^Approximately radial seotion of part of secondary wood, showing 
tracheides with multiseriate bordered pits and muriform medullary rays. Drawn 
hy Mr. G. T. G william, x about 80 . Scott OoU. 2818 . 

tiylem. The secondary wood is out approximately in the radial direction, and 
several medullary rays are shown ; they ara muriform, with very low eells; 
the pits a^jaoent to the ray-oells are eloi^ted radially (text>fig. A). The 
wood is in all respects similar to that of M. angUca. Only one leaf>tiaee 
btthdle is shown in connection with the stelar system, and in mr undivided 
oohdition (fig. 3, lA), It measures about 660 x 570 /i. There is no obvious 
seooudaxy wood, and the smallest elements appear to be iUreoted outwards, 
bnf t^ loeaerv'^Qn is imperfect. 

* 2 
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Except for the possible sbseQoe of secondary wood £khu tiie undivided 
leaf-trace — a doubtful point on which no stress can be laid— there is no 
diifbrenoe between the stelar system of M.pudUa and that of M. ang^iea. 


The Cortex and Leaf-ham. 

In M. pusilla, as in M. angJica, no sharp limit can be drawn between cortex 
and leaf-base except at a level where the latter is already marked off by an 
internal barrier of sclerotic strands. The appearance of such a barrier is, of 
course, a preparation for the departure of the leaf-base from the stem. 

In the transverse sections the best preserved leaf-base is only partly 
delimited in this way ; a sclerotic band runs inwards from each side, but 
does not extend right acrosa Of the two imperfect leaf-bases, one appears 
to be completely marked off by an internal sclerotic band, while the other is 
not yet delimited at all (Plate 18, figs. 1 and 2) 

A convenient boundary between cortex and stelar system is provided by 
the periderm (fig. 3). The cortex, which contains numerous gum-canals, is 
not very well preserved, but it can be seen that the vascular bundles in this 
region are, on the whole, larger and rounder in seotion than those which have 
definitively entered the leaf-base. 

At one place a group of four or five bundles is shown, which has, to all 
appearance, arisen from the division of a single primary leaf-trace (text- 
fig. B). This group lies in the qortex, which is here well defined by the 
eclerotic band on the exterior and the periderm within. Similar groups of 
bundles formed by division are well known in the cortex of M. ancjtiea 
(Scott, ’99, Plate 6, Phot. 9 ; Plate 11, fig. 12). In both species later stages 
in the division of the bundles are found in tbe leaf -base itself. 

The well-preserved leaf-base is best shown in the section represented in 
Piute 13, fig. 2, and is here sufficiently perfect for the bundles to be counted 
with approximate accui»cy. There are 15 peripheral bundles («.«. on the free 
side), nine on the side attached to the stem, and eight, of which two are 
double, in an intenuediate position. Thus the interior of the leaf-base is 
poor in bundles, a condition which also exists in that of M. angUea at a 
corresponding level (Scott, ’99, p. 100). 

The bundles near the periphery ha^’e assumed their definitive petiolar 
character, while the inner bundles more resemble those d the cortex, and 
are still undergoing division. Some of the former are very well preserved 
(Plate 13, fig. 4). with the phloem practically perfect; the usual exarch, 
collateral structure is obvious. The sectional form of these bundles is often 
slender, i.e. elongated radially, as also occurs sometimes in if. 
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Thicic-walled elements enclose the xylem of the bundle in an intermpted, 
hippocrepiform sheath, but do not extend round the phloem. 

The parenchyma contains some gum-canals and presents no pecnliarilues. 
The only difTerences between the leaf-base of M. pvaUla and that of 
M. anglim are in the hypoderma. This zone is rather narrow in M. putUla, 
its usual thickness being about 400 fi’, in M. anglica it ranges from 2 to 



TaxT-m. a--Group of raaoular bundles from the cortex, probably resulting from the 
division of a single leaf-ti;aoe ; pd. periderm, marking inner limit of cortex ; so., 
internal sclerotic band, marking inner limit of leaf-base. Drawn by Mr, G. T. 
Gwilliam. x about 60. Scott CoU. 2618. 

8 mm., t.e, it is about six times as thick, on the average, while the general 
dimensionfl are only about four times as great. Farther, in M. jnuiUa the 
'hypoderma is much simpler ; as a rule, the sclerotic strands are in a single 
rank, and they never stand more than two deep (Plate 13, fig. 4). In the 
kaffbase of M. anglim the strands are three to four deep (Scott, ’2d, Plate 5, 
Pbot 3; Plate 12, fig. 14). In M. putUla the principal strands are about 
tVfioe ae deep as they are wide, and slightly wedge-shaped, widening 
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OiUtwards. In M. amgliea, where they are so much more numerouif, th^ ue 
quite irregular in form. 

The distinction is not absolute, for in parts of the mohis attributed to 
M. anglim one may find much the same arrangement as in Jlf. pusUkt. 
Comparing leaf-base with leaf-base, howerar, there appears to be a real 
difference between the two plants. The hypoderma of Jf. ptmlla is of the 
type of Renault’s Mydopteris Landriotii, var. » (Renault, '76, Plate 6, fig. 41^ 
while that of M. mglica is more like his var. (loc. cit., Plate 4, fig. 29). Of 
course, the agreement is for from exact, for Renault’s petioles no doubt 
belonged to quite different species of Medutloaa from oura 

In the leaf-base of M. pusilla there are very few gum-oanals visible in the 
hypoderma, and they are not very numerous altogether (fig. 4). In M. angliea 
they are very common in the h 3 i>oderma, and fairly so elsewhere. This 
distinction, however, is of very doubtful value, for in a section of a detached 
petiole or leaf-base probably referable to M, pudlla, gum-canals are numerous 
in the parenchyma outside the sclerotic strands, most of the strands having 
canals corresponding to them. This tissue is hardly preserved at all in the 
type-specimen, so the small number of hypodermal canals observed may be 
deceptive. Their distribution appears to have been a little different from 
that in M. angliea, but in that species also the external parenchyma is seldom 
well preserved, so comparison is difficult. 

Smumary and Conelxmom. 

If we draw up a diagnosis of M. pusilla on the lines of that given for M. angliea 
(Scott, '99, p. Ill), we find few distinctions between them, apart from size. 

Med/uMom pueiMa. — (Scott, ‘ Studies in Fossil Botany,’ second edition, jp. 441, 
1909.) 

Stem clothed by the relatively large deounent leaf-basea 

Yascular system of stem consisting of three uniform steles. Star-rmgs 
absent. Interior of each stele wholly occupied by primary wood. 

Secondary wood of moderate thickness, most developed on the inner sides 
of the Btelea Traoheides (apart from the protoxylem) with multiseriate 
bordered pits. 

Leaf-traces probably concentric on leaving the steles, but with little or no 
tmndary wood, branching and becoming collateral as they paas into the 
leaf-bases. 

Leaf-ham, with a narrow hypoderma, eoneisting of a single, or loecdly douile 
aeriee <f strands, and resmhling that of My^ptens Landriotii, var . « BenauR. 

Ghim-canals numerous in the cortex, scattered in the Uef-ham, Stem 
small, aiovt 2 cm, in diameter, including the lettfiaess, 



LtiealUy : juark Hill Fit, Colne, Lanoe. fforuen: Soap-stone, overlyuig 
Halifax Hard Bed, Lower Coal Measures. 

Found by Mr. P. Whalley, 1906. 

I have italicised the characters in which this form difibrs from M. angfiat. 
The distinctions are of little importance, with the exception of the small 
size of the plant and the simpler structure of the hypoderma, points which 
appear to be of some diagnostic value. 

The question arises whether it is worth while to separate the species from 
if. anglica on those somewhat slender grounds. The difference in size is 
considerable, and not due merely to age, for secondary growth is already 
fairly advanced, while the whole primary structure is on a small scale. 

The specimen might, however, be from the basal part of the stem, where it 
had not reached its full dimensions, or might belong merely to a dwarfed 
plant. At the same time, it is perhaps equally probable that our specimen 
represents a distinct species. There is strong reason to believe that the 
foliage of if anglica was of the Aletluypteris type (Scott, ’99, p. 102), and it is 
probable that the species may have been identical with A. lonchitiea, so 
abundant in the Lower Coal Meaisures. We have no evidence as to the 
foliage of if pudlla, but there is a certain presumption that it was also that 
of an Alethopteris, both from analogy with if anglicM and from the older 
observations of Kenault. That author, after a careful comparison, came, as is 
well known, to the conclusion that it was extremely probable that the 
petioles of his Myelopterw {Myelvxylon) Landrwtii bore the fronds of certain 
species of AldhopUrii (Benault, ’83, p. 165), In his ‘ Cours de Botauique 
Fossile’ he reproduces the figure of M. Landriotii, var. «, under the title 
“Section Transversale d’un Pdtiole A'AletJtapteris" (’83, Plate 28, fig. 1), 
This is tlm section which most closely resembles the leaf-base of if pusiUa. 
If if pudlla was the stem of an Alethypterit other than A. hnchitica, it may 
conceivably have belonged to the closely allied but somewhat smaller plant, 
A. decurretiB, the only other species which appears to l)e frequent in the British 
Lower Coal Measurea* This is a mere conjecture, but, at any rate, it is 
reasonable to suppose that more than one Medullosa existed in our I^ower Coal 
Measure flora, and, as our specimen is quite peculiar in its small dimensions, 
and has other slight distinctive characters, we may provisionally treat it as 
representuig a new species. 

My friend, Hr. Lotsy, has proposed to divide the genus MedvMom into two 
nevv genera, MuropteromeduUosa and PeatpteromeduUosa, the fcormer having a 
complex stelar system together with Neuroptens foliage, while the latter is 
bharacterised by a relative simple stelar system (as m M. amgliea) waA the 
* KidstoU, ’03, pp 8S&, S45 ; FTanke, 'IS, p. M. 




foUiige of Akthoptevi$ (Pecoptendeie) (Lotsy, '09, p. 726.) If 
this division, the name of our fossil would, of course, become 
^mduUom p%mlla, 

The facts at pi^sent known are not, however, favourable to a division bf 
the genus UeduUoBa on these lines, M. Leuchoi^ti, one of ^the complex ]Pernllah 
species, bore, according to tlie observations of Wel»er and Sterzel ('96, p. 4S 
[89]), leaf-baaes belonging to Mydox/yhm LandHotii (Ren,), and its foliage 
was therefore presumably of the Aiethcfteris type. Uncertain as this 
conclusion may be, we clearly have no grounds for assinning that a highly 
differentiated stelar system was necessarily associated with Neairopteru folt^jafe. 

In the present state of our knowledge, it would only be possible 
subdivide the genus Medvllom on purely anatomical characters, and at the 
present moment even this seems to me to be premature. 
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EXPLANATION OF PLATE. 

Figures are from microphotographs by Mr. W. Tams. 

Fig. 1. — General transverse section of the stem and leaf-lmaes, x 3. Scott Coll, 2817, 
Fig. 2.* -The other transverse section (reversed, as compared with fig. 1), One of the 
three steles is destroyed and another displaced, so as to appear in nearly 
loDgitudiiml section. One leaf-base is perfect, x 3. Scott Coll. 2818. 

Fig. 3, "-The stehiT* system from fig. 1 ; pd.y periderm ; Lty laaf-traoe. x 11^. Scott 
Coll. 2817. 

Fig. 4, —Part of the leaf -base, allowing the hypoderma and a bundle with xylem and 
phloem. X 45, Scott Coll. 2817. 





Origin and Destiihy ojf CkoUsUrol in the Animal Organism. 
Part XI.-— 7%e Choleateivl Content of Growing Chickens 
under Different Diets. 

By J. A, Gabdner and P. E. Landku, Lindley Studijnt of the University 

of London. 

(Communicated by Dr. A. D. Waller, F.R.S. Received September 30, — 

Read November 20, 1913.) 

(Prom the Phyisiologioa! liaboratoiy of the University of London.) 

In previous papers of this series evidence has been brought forward 
showing that cholesterol is a substance which is strictly conserved in the 
animal orgaiiistn, and that waste of cholesterol can te nmde up from the 
food taken by the animal. Whether cholesterol can, to any extent, he 
synthesised in the organism from proteins, fats or carbohydrates, it is difficult 
to ascertain. It seemed likely that evidence on this point might be obtained 
by comparing the cholesterol content of eggs and newly hatched chickens, 
by studying the change of the cholesterol content with growth, and also by 
ascertaining whether chickens could be reared and would thrive on f ood ^ 
deprived of its cholesterol and phytosterol. Parke,* as long ago as ^1867, 
found that the quantity of matter which could te extracted by both ether 
alcohol from the yolk of hen's eggs diminished during incubation, and 
stated that cholesterol changes similarly. In 1908, L. B. Mendel and 
published the results of some experiments to determine 
whether cholesterol is produced during the development of the eggs, and 
found that no increase took place, but that the cholesterol appeared to 
decrease, in part, in cou)pany with the rest of the lipoid substances. In 
Part IV of this series Ellis and Gardner^ concluded from a large number of 
analyses of eggs and chickens that in the differentiation of the ovum into 
the complex aggregates of cells constituting the chicken no formation of 
oholesteroi takes place. Whether the cholesterol of the egg remained 
unchanged or whether some loss occurred could not be definitely decided, 
in this paper we give an account of our experiments on the growth of 
chickens under various diets, and comparisons of the cholesterol and 

* Parke, VHoppe*S^ler’s Medisiniwjh-chemledxe Untersuchui^ ISST, p, 211 ; f6r 
lecithin^ V- Meearnitsdey, * Bioebemieebe CentraibUtt,* 1907, vob 6, p. 734, 

♦ Mendel and Leavenworth/ Amer. Journ. PbyeioL,* 1908, Tol Si, pp, 

I Proo,/ 100% B, imL Bl, pp ; 
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ehnlesterol eater content of dayk>ld obioka, and ohioka at various stages of 
growth. 

Method of Etdimation of the CkoleM^rol. 

The weighed chickens were minced in a mincing machine and the mineed 
maaa was pounded up in a mortar with sand land autiicient plaster of Paris 
to cauae the whole to set after a time to a dry mass, which was powdered 
and then extracted with ether in a Soxhlet’s apparatns for about a fortnight. 
The ethereal solution of the extract was made up to a known volume and 
suitable aliquot proportions taken for analysis. The analyses were made 
by a niodifioation of Windaus' digitonin method devised by Fraser and 
Gardner.* 

Ge^veral Flan of Esuperimenis. 

Fifty-four white Wyandotte day-old chicks of the same strain were 
obtained from a dealer and six of these were killed straight away and analysed 
with the following result. 

The weight of the six chickens was 212 grm., and the extract was made up 
to 1 litre ; 100 c.c. of this extract were then taken, and by direct precipitation 
gave 0'3407 grm. of the compound, corresponding to 0’0828 grm. of 
cholesterol, whilst 100 c.c. after saponification gave 0’49 grm. of the compound 
corresponding to 0T189 grm. of cholesteroL 

The remaining chickens were placed in four pens A, B, C, and D, as 
nearly as possible under the same conditions, 10 in A, 10 in B, 14 in C, and 
14 in D. Each pen consisted of a foster mother, kept at a suitable uniform 
temperature by electric moans, and was provided with a run with a sanc^ 
floor in which was placed a trough of water, and in which the animals were 
fed. Three diets were made use of. 

(1) An ordinary commercial chicken food, of approximately the following 
composition : — 

Per cent Per cent 

Water 9-65 Fats 2*25 

Proteins 22‘60 Ash P20 

Carbohydrates 64’40 

(2) The same chicken food as the above, which had previously be«i freed 
as far as possible from fats, cholesterol and phytosterol In this food the 
percentage of protein was found to be about 19*9 per cent. 

(8) The same diet as in (2), but with the addition of about 2 per cent, of 
cholesterol. 

In the case of the first two meals givra to the chickens, the diet (1) was 
* Praaer and Gardner, ‘Boy. Soe. Proc.,’ IMO, B, vcd. 88, p, 88ft 
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replaced bj ordinary hard-boiled egg, pounded up and moistened trith warm 
water. 

Diet (2) was replaced by the white of egg, and the yolk which had been 
extracted with ether. 

Diet (3) was replaced by white of egg and extracted yolk to which about 
2 per cent, of cholesterol had been added. 

Pem A ami B . — Ten chickens were placed in pen A, weighing altogether 
386 grm. After one week the weight of these chicks was 512 grm.; 
10 chickens were placed in B, weighing altogether 346 grm., and after one 
week their combined weight was 555 gnu. 

After one week two chickens were taken from pen A and three from 
pen B, their total weight being 260T grm. These were killed and analysed in 
the usual way, the total ether extract being then made up to 1 litre ; 100 o.c. 
of this extract yielded by direct precipitation 0-228 grm of compound, corre- 
sponding to 0 0554 grm. of cholesterol, and after saponihcation 100 c.c. yielded 
0-2908 grm. of the compound, corresponding to 0-0706 grm. of cholesterol. 

After 14 Days . — The eight chickens in pen A weighed 559 grm., and the 
seven in pen B weighed 515-3 grm. From pen A three chickens weighing 
205-5 grm. were taken, and from pen B two chickens weiglung 150 gnu., 
tlteir total weight being 355-5 grm. These were killed and analysed with 
the following results : — The extract was made up to 1 litre ; 100 c.c. of this 
gave by direct precipitation 0-271 grm. of compound, corresponding to 
0-066 grm. of cholesterol, while after saponification 100 c.c. gave 0-366 grm. 
of compound, corresponding to 0-0887 grm. of cholesterol. 

After 21 Daya . — The five chickens in pen A now weighed 402-9 grm., and 
the five in B weighed 496-6 grm. From pen A two chickens were taken, 
weighing 199-1 grm,, and from B two chickens weighing 152-5 grm., their 
total weight being 351*6 grm. These were killed and analysed in the 
usual manner, and the ethereal extradt made up to 1 litre ; 100 o.o. of this 
extract gave by direct precipitation 0*207 grm. of the compound, corre- 
sponding to 0*0505 grm. of cholesterol, whilst after saponification 100 o.c. 
gave 0-382 grm. of the compound, corresponding to 0*0829 grm. of cholesterol. 

After One Monith , — The three chickens in pen A now weighed 287*6 grm., 
and the three in pen B 361 gnu. Two chickens were now taken from pen A, 
weighing 207*7 grm., and one chicken from pen B, weighing 103*5 grm, their 
total weight being 31|‘2 grm. These were killed and analysed In the usual 
manner, and ethereal- extract was made up to 1 litre ; 100 cn. of this extract 
were taken, and by direct precipitation gave 0*2 grm. of the compound, corro- 
qK)ndin|( to 0'0487 grm. of cholesterol, whilst 100 c.c. after saponification 
gave 0*2386 of the compound, eortesponding to 0*068 grm. of cholesterol. 
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Jn Fm C. — Fourteen chicks were in this pen, weighing altogether 768 grm. 
One of these died on the seventh da 7 . Five chickens, including the dead 
one, were now taken and analysed in the usual way, their combined weight 
being 2501 grm. The ethereal extract was made up to 1 litre, and the 
following results were obtained : — 100 c.o. of the solution gave by direct 
precipitation 0‘2767 grm. of the compound, corresponding to 0 0651 grm. of 
cholesterol, whilst after saponification 100 c.c. gave 0‘3032 grm. of the com- 
pound, corresponding to 0'0737 gnn. of cholesterol. 

After 14 Days. — There were now nine chickens in pen C, weighing 
657'6 grm. ; four of these, weighing 296'6 grm., were killed and analysed, 
the ethereal extract being made up to 1 litre ; 100 c.c. of this extract gave 
by direct precipitation 01646 grm. of compound, corresponding to 0*0400 grm. 
of cholesterol, while 100 c.o. after saponification gave 0*2341 grm. of com- 
pound, corresponding to 0'0569 grm. of cholesterol. 

Afi&r 21 Days. — Pen C contoined five chickens, weighing alt<^ther 
514'8 grm. None were killed this week, and 

After 28 days the weight of the chickens was 614-5 grm. Three of these, 
weighing 357'7 grm., were killed and analysed, and tire ethereal extract 
made up to 1 litre ; 100 o.e. were taken, and by direct precipitation gave 
0'216 grm. of compound, corresponding to 0'0526 grm. of cholesterol, and 
after saponification 100 c.c. gave 0'264 grm. of compound, corresponding to 
0-0618 grm. of cholesterol. 

Fen i).— -Fourteen chickens, weighing 632-2 grm., were in this pen to start 
, with. 

After 7 days the weight of the chickens was 742-8 grm. Five chickens, 
weighing 249-8 grm., were killed and analysed with the following results : — 
The ethereal extract was made up to 1 litre ; 100 c.c. of this extract gave 
by direct precipitation 0-272 grm. of compound, corresponding to 0-0661 grm. 
of cholestei'ol, while after saponification 100 c.o. of the extract gave 0*447 grm. 
of the compound, corresponding to 0-1097 grm. of cholesterol. 

After 14 days the nine remaining chickens weighed 587-3 grm. ; four of 
these, weighing 262 grm., were now killed and analysed with the following 
results : — The extract was made up to 1 litre, and 100 o.c. gave by direct 
precipitation 0-2432 grin, of compound, correeponding to 0*0611 grm. of 
cholesterol, while 100 0 . 0 ., after saponification, gave 0*4919 gnn.’ of compound, 
corresponding to 0-1195 grm. of ohblesteroL * 

After 21 days the five remaining oliieks weighed 447’S gnn., and 

After 28 days their weight was 688*6 grm, ; three of these, weig^itg 
362-5 grm., were now killed and analysed with the following results ,*—Tb« 
.extract was made up to 1 litre, 100 c.o. of this gave, by direct pie<»pitation 
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04065 grm, of the compound, corresponding to 0*0988 grm. of cholesterol, 
whilst, after saponification, 100 c.c. gave 0*5518 grm. of the compound, corre- 
sponding to 0*134 gr!u» of cholesterol. 

We do not think that the results obtained after the end of the second 
week are of much value for purj^oses of comparison, as the individual 
chickens showed such great variations in size and vigour. For instance, 
the odd chicks remaining in j^ens A, B, and C, at the end of the fifth 
week, weighed approximately 83, 159, and 115 grm., and the two chicks in 
pen D 258 gnu. 

Then, again, in pens A and B, where the animals were on the same diet and 
apparently iinder similar conditions, the growths showed considerable changes, 
as evidenced by the following table 



Pen A. j Pen B. 

i 

First week 

Second week 

Third week 

Fourth week 

100-0 100-0 

162 -4 leo -4 

208 -0 212 -7 

280 -8 ! 2H7 -1 

286 -2 847 -7 

i 


Whether this was due to the individuality of the animals, or whether 
it was due to differences in the amount of food taken, we are unable to 
say, as wo gave excess of food, but had no means of measuring the amount 
left over. 

An excess of food was given at definite times morning and evening, and the 
ohiokeus were allowed to eat as much as they wished. It was impossible, 
however, to measure the amount of food eaten, owing to the habits of the 
birds, which trampled the food with the sand and excrement. It was 
impossible, therefore, either to estimate the tmused food, or to examine the 
faeces, and it would have been impossible to have reared the chicks in a 
clean cage without sand, as they would not thrive under these conditions. 

Furthermore, the laboratory conditions were not very suitable for healthy 
growth in prolonged experiments. The individual variations were, however, 
not so marked during the first two weeks, and we think that the results 
obtained with the various diets during this period are fairly comparable. We 
give, however, the later analyses for what they are worth. 

In Table I we give the weights of the chickens at the various periods of 
growth, and the weights of cholesterol and cholesterol esters which they 
contain at those periods, calculated from the above data on the basis of 
100 grm, of day-old chick. 
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IHacuman of Jtemlts . — Dealing only with the results of the fijmt two 
weeks, it will be seen from the table that, on the ordinary diet, the total 
cholesterol decreases by about 15 per cent, during the first week, and then 
increases again during the second week to within about 6 per cent, of the 
value in the day*old chick; the free cholesterol shows a similar decrease 
during the first week, but at the end of the second week has increased again 
to the original value. The ester cholesterol also decreases by about 17 per 
cent, during the first week, but the decrease is much less marked during the 
second. 

In the case of animals fed on the extracted diet, there is a decrease in the 
total cholesterol during the two weeks, but the decrease during the first week 
is nearly double that in the second. Tliis variation in the rate of decrease 
appears to be due to the ester cholesterol, which shows a marked decrease 
during the first week, but only a slight change during the second. The free 
cholesterol goes down fairly steadily. 

In the case of the animals fed on extracted food -f- cholesterol, the total 
cholesterol increases during the two weeks, more markedly in the second 
than in the first. The cholesterol thus stored up is mainly in the form of 
esters ; these show a marked increase during the two weeks, the increase in 
the second being double that in the first. The free cholesterol does not 
appear to bo much afl'ected ; the figures are of much the same order as in the 
case of the animals on ordinary diet, the main difference being that the 
decrease noticed during the first week is less marked. 

It will be noticed that tlie rate of growth of the animals in the earlier 
weeks on the cholesterol diet was slow^er than in the other cases, but we 
have no means of forming an opinion as to whether this is due to the diet, or 
to the amount of food eaten, or to the individuality of the animals. The 
day-old chicks, however, in this case were smaller than in the others. 

What is the meaning of the high free cholesterol content in the fourth 
week of the experiment with extracted food we are unable to say, but we 
cannot attach much value to this particular result for the reasons already 
stated. 

The cholesterol content of the chickens thus appears to depend on the 
sterol content of the diets, but there is nothing in the figures of the first two 
weeks to indicate that in the growing animal the organism can synthesise 
cholesterol We have not carried out this investigation in as detailed a 
manner as was intended at the outset, as the animals did not prove very 
suitable for the investigation of problems of growth, partly owing to the 
habits of the birds, rendering it very difficult to control the amount of food 
taken, and to estimate the exbrement, and partly owing to the difficulty of 
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getting strictly comparable sets of birds, Hie laboratory eonditionB with 
strict control of diet and proper collection of excrement are not very suitable 
for keeping birds in health for a prolonged i)©riod. One of us is, however, 
extending his observations to the study of growing rata, which can be much 
more suitably reared and controlled, and holies shortly to be able to publish 
an account of his experiments. 

The results given in this paper, however, taken in conjunction with the fact 
that, in the differentiation of the ovum into the complex aggregate of cells 
constituting the chicken, no formation of cholesterol takes place, appear 
to support the view formerly expressed that cholesterol is not readily 
synthesised in the organism. 

We take this opportunity of expressing our thanks to the Government 
Grant Committee of. the Eoyal Society for assistance in carrying out this 
work. 


CorUrilmtions to the Biochemistry of Growth^ — On the Lipoids of 
Transplantable Tumours of the Mouse and the Rat 
By W. E. Bullock and W. Cramer. 

(Communicated by Sir John Bradford, Sec. R.S. Received October 1, — 

Read November 20, 1913.) 

(From the Chemical Laboratory of the Physiology Department, Edinburgh University, 
and the Imperial Cancer Research Fund, Ijondon.} 

The following observations were carried out with the object of obtaining 
information concerning the presence of lipoid substances in rapidly growing 
cells. Our observations were made on transplantable tumours of mice and 
rats, wluch, as we have pointed out in previous papers of this series, are 
esix^cially suitable for the study of the biochemical problems of growth. So 
far as we are aware, neither qtxalitative nor quantitative observations on the 
prestmce of lipoids in these tumours have as yet been made. 

The analytical method employed was the same as the one used in out 
observations on normal and degenerating nerves.f The fact that by means 
of this method 99 to 101 per cent, of the total lipoids present in normal 

* ThU research is in continuation of papers in 'Roy* Sue, Proc,/ B, 1908, vol, 
p. m ; 1910, vol. 82, pp. 307 and 316 ; 1913^ vol. 86, p m 

t Cramer, Feittaand Bullock, ‘Proc. Physiol Soc*,’ 19I3,p. li, ‘Joum. Physiol/ vd. 4ft 
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nervous tissue — which is free from ordinary non-pbosjdiorised fat — can be 
accounted for is an indication of the accuracy of the method. Details of the 
method will be published in a separate paper. Here it may be sufficient to 
indicate the principle of the method, which consists in extracting the total 
lipoids by chloroform, and estimating in aliquot portions of tbe extracts: 
(1) the oholesterin and cholesterin esters by Windaus’ method, using certain 
precautions which are essential for the accuracy of the results ; (2) the 
phosphatides by a phosphorus estimation ; (3) the oerebrosides by estimating 
the galactose liberated after prolonged acid hydrolysis; (4) the ordinary 
non-phosphorised fats (glycerides of fatty acids) by difference. In calcu- 
lating the phosphatides and cerebrosides from the data obtained by this 
method, it is assumed that the average phosphorus percentage of the 
phosphatides and the galactose content of the cerebrosides present in the 
tumour cells do not differ essentially from the figures known for the 
phosphatides and cerebrosides of nervous tissue. It is, of course, possible 
that this assumption is not correct. In that case a recalculation of the 
figures given in this paper for the phosphatides and cerebrosides would be 
necessary. But since our arguments are bsiBed on a comparison between the 
figures obtained for different strains of tumours, such a correction would 
not materially affect our conclusions. In fact, in the case of the oere- 
brosides, for which the differences between different tumour-strains are — 
as will be seen — so great as to become qualitative, this possible source of 
error can be disregarded. 

The observations refer to a rapidly growing rat sarcoma, and to two 
different strains of a mammary carcinoma of the mouse, of which one always 
grows rapidly (63/73b), while the other always grows slowly (72/21a and 
72/22a). Since the rapidly growing mouse carcinoma showed marked 
necrosis, the maoroscopioally necrotic parte were sepaiated from the less 
necrotic portion of the tumour and analysed separately. These two parts 
are described in the following table as " necrotic part ” and “ healthy part ’* 
respectively; but it must be understood that even in the maoroscopioally 
healthy parts there was still a good deal of necrotic tissue. The rat sarcoma 
showed little necrosis. 

The material subjected to analysis was obtained in the case of each strain 
from several tumours belonging to the same snbtransplantation. The 
figures given in the following table represent therefore the composition of 
the lipoids of a number of sister tumours at one particular period of their 
growth, for the three tumour strains; they do not merely indicate the 
oomptwition of one individual tumour. 

VOI* LXXXVII.— B. 
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Analysis of Lipoids of Tranaplantsble Tumount. 



■ 

Carcinoma of 

Carcinoma of mouse. Bapid growth. 

Sarcoma of rat. 


moose. 





B^id growth. 

No neoroeii* 


Slow growth. No 
necrosis. 

Healthy part. 

Neorotic part. 


Dry 

Total 

Dry 

Total 

Dry 

Total 

Dry . 

ToUl 


tissue. 

Iiipoids. 

tissue. 

Lipoids. 

tissue. 

Lipoids. 

tissue. 

Lipoids. 

lipoids j 

per cent. 

per cent. 

per cent. 

u 

s. 

per cent. 

t>er cent. 

per cent. 

per cent. 


13 ’8 


18 *1 

— 

41 *1 


18 '6 


^olesterin. 

1*1 

8*8 

Trace 

0 

Trace 

0 

1-4 

7*8 

Ohol««terin Mten 

0 

0 

0 

0 

0 

0 

0 

0 

Phosphatides 

0-88 

6*6 

1*8 

9*7 

2*54 

6*2 

7-2 

88 *8 

Oerebrosides 

0 

0 ! 

0 1 

0 

Trace ? 

0 

1*9 

10 1 

Ordinary fats 

11 -82 

8i‘6 

11*8 1 

1 

90*8 

38 *66 

98 *8 

8*0 

48*8 


A comparison of the slowly growing mouse tumour with the healthy parts 
of the rapidly growing mouse tumour shows that (1) the percentage of total 
lipoids is practically the same ; (2) cholesteriu forms 1 per cent, of the total 
solids of the slowly growing tumour, while it is present only in tiaoes in the 
rapidly growing tumour ; (ij) phosphatides form only a small proportion of 
both tumours, though they are more abundant in the rapidly growing tumour ; 
(4) both tumours are devoid of oerebrosides and cholesteiin esters ; and (5), 
that the bulk of the total lipoids of these two tumours consists of ordinary fata 

The change in composition brought about by necrosis is shown by a 
comparison of the figures for the healthy and neorotic parts of the rapidly 
growing tumour. The most conspicuous feature of the change is the increase 
in total lipoids, which are trebled in amount, the increase consisting to a great 
extent of ordinary fat, and to a less extent of phospbatidea A trace of s 
reducing substance is liberated by acid hydrolysis from the lipoids of the 
necrotic parts, but whether this can he taken as an indication of the formation 
of small amounts of oerebrosides during necrosis must for the present 
lemain doubtful. 

It is of particular interest to note tliat different strains of mammary mouse 
carcinoma may show such wide variations in chemical composition, as is shown 
here between the relative proportion of different lipoids, and more especially 
of cholesteriu. It has been pointed out in numerous papers from the 
Imperial Cancer Besearch Fund that marked biological difl^renoes exist 
between the cells of different tumour-strains, even although these cells may 
originally be derived from the same tissue (mamma). It is interesting to note 
that there exist also chemical differences between cells derived from the some, 
tissue 
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It is, of course, tempting to refer these differences to differences in the rate 
of growth. But such a conclusion can only be based on a systematic series of 
analyses ’carried' out with different strains, and with the same strain at 
different periods of its growth. Such observations are now being carried out 
by one of us (W. E. B.). 

When we compare the lipoids of tumours derived from different tissues — 
namely, a rat sarcoma with a mouse carcinoma — we find very marked 
differences, botli quantitatively and qualitatively. The amount of total 
lipoids present in the sarcoma does not differ very markedly from that 
present in tlie carcinomata, especially when we take into account that the, 
analyses refer to two different species. But there is a complete change in 
the proportion in which the various lipoids are present. "N^ile in the two 
carcinomata the bulk of the total lipoids is made up of ordinary non* 
phosphorised fats, and phosphorised fats ai*e present only in relatively small 
amounts (from 7 to 10 per cent, of total lipoids), the phosphorised fats of the 
sarcoma represent almost 40 per cent, of tlie total lipoids and equal in 
amount the ordinary non-phosphorised fats. Cholesterin is present in 
quantities similar to those found in the slowly growing carcinoma, while 
cholesterin esters are absent both in the sarcoma and in the carcinomata. 
Perhaps the moat interesting feature is the presence in the sarcoma cells of 
definite amoimts of cerebrosides (2 per cent, of dry tissue). These lipoid 
substances ore completely absent from the two mammary carcinomata which 
we have analysed, and the question arises, wliether this qualitative chemical 
difference is typical for carcinoma and sarcoma, or whether it is exliibited 
merely by individual tumour-atrains. This problem, again, must remain a 
subject for further inquiry. 

Summary, 

The cells of different strains of transplantable tumours show quantitative 
and qualitative differences in the various groups of lipoid substances present. 
Such differences exist not only between tmnour-oells derived from different 
tissues — namely, a sarcoma and a carcinoma, but also, although not to the same 
extent, between two different strains of tumour*coUB derived from the same 
tissue — namely, a slowly growing and a rapidly growing mammary carcinoma. 

Keorotio tumour-oella show a great increase in the amount of total lipoids 
present, the increase being due mainly to am increase in ordinary non* 
phospdmrised fata 

The expenses of this researoli were defrayed by grants from the Moray 
Fund of the University of Edinburgh. 



Studies in Heredity. ll.^Further Experiments in Crossing 
British Species of Sea-urchinsf 
By E. W. MacBrid^ F.R.S. 

(Received October 27, — Read November 6, 1913.) 

Two years ago I read a paper before the Society in which I gave the results 
which I had obtained by crossing the two species of sea-urchin Echinm 
SBCvieifitvs and Echinocardium cordatkm. The first of these is a regular urchin, 
the second an enooyclic urchin belonging to the order Spatangoidea. The 
results recorded in that paper were briefly these : — The egg of Echinocardium 
fertilised by the sperm of Echinus gives rise to a hybrid which exhibits a 
mixture of maternal and paternal characters, but only a small proportion of 
the hybridised eggs develop. The egg of Echinus fertilised by the sperm of 
EcMnooardium develops a fertilisation membrane, but then breaks up into a 
heap of globules by the process known as oytolysis, and dies. 

Since writing that paper my experiments were repeated at Plymouth by 
Fuchs, t now my colleague at the Imperial College, and he obtained different 
results. According to him the eggs of Echinus fertilised by the sperm of 
Echinocardium gave rise to hybrid larvae which were maternal in character, 
whilst the eggs of Echinocardium fertilised by the sperm of Echdmfs gave rise 
to hybrids of two kinds, some purely maternal in type and some resembling 
those which I bad obtained. 

As I suspected that some of the divergences between the results of Fuchs 
and myself might be due to the accidental infection of the sea-water used 
with the sperm of the species of which the eggs were taken, a drcumstanoe 
which would produce larvee of purely maternal character, I resolved to 
repeat my experiments, and accordingly this summer I proceeded to Millport, 
where my first experiments were performed. I have to thank Mr. Elmbirst, 
Superintendent of the Marine Biological Station at Millport, for the way in 
which he aided my efforts. To his kindness I owe the successful issue of my 
experiments. 

The results which I obtained during this last summer prove that my 
suspicion as to the cause of the divergence between Fuchs’s results and my 
own was entirely unfounded, for this year I obtained larvse by fertilising the 

* “Studies iu Heredity. I.— -The Effects of Crossiog the Sea-urchins JSkhims 
and Eohmocardiwm, cordatwmj^* ‘ Boy. Soc, Proo,/ 1911, B, voL 64. 

f “The Inheritance of the Aboral Process of the Echinocardum Pluteus/’ *Ardb» 
Entw.-Mech./ 1912, voL 35. 
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eggs of Bchinm with the sperm of Schinocardiumt which were purely 
maternal in character. I may add that, in addition to repeating the 
experiments which I had performed two years before, I also crossed the 
species Echinvs mUiaris with Echinocardium cordaturrit but this species gave 
practically the same results as Echinm eaculerUus, and, except where other- 
wise stated, the remarks in this paper will apply to the cross between 
Echinus esoulentus and Echinocardium cordatum. 

Every possible precaution was adopted to prevent sperm infection The 
outsides of all the urchins used were washed in a copious stream of fresh 
water before they were opened, in order to destroy any adhering sperm ; all 
the instruments employed were likewise washed in fresh water, and the 
fertilisation of the eggs was effected in sea-water, which had been thoroughly 
sterilised by previous heating to 80° C. 

One fact which forced itself prominently on one's notice this year was the 
individual idiosyncrasy of urchins with regard to the capacity for being 
crossed. Sometimes two urchins when crossed, although to all appearance 
ripe, would not yield a single hybrid larva — ^yet the eggs developed 
rapidly when fertilised with their own sperm. Another time, females 
apparently only half ripe yielded eggs which when fertilised with the foreign 
sperm produced a certain proportion of hybrid larvae. 

In general it may be said that the eggs of Echinocardium cordatum in 1913 
were much more resistant to the action of the sperm of Echinus esculentua 
than they were in 1911, In some cases these eggs refused to develop at all, 
but broke up by the process of cytolysis into a multitude of spherules, just as 
I had described the eggs of Echinus esmdentus doing when fertilised with the 
sperm of Echinocardium cordcdu/m (fig. 1). Indeed, in all coses this may be 



Fla. 1. — Egg of Edhinooardiim oordatumy fertilised with the sperm of Echmui ssculmtus 

breaking up into globules. 


said tQ have been the case of most, but in many oases, a certain proportion of 
hybrid larvss were produced which showed in every detail the features which 
I had described in the hybrids obtained in 1911, and I shall not therefore 
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repeat them here. Unfortunately I could not keep any of them alive for a 
longer period than five days, and therefore I did not obtain one of the features 
(viz., the inbending of the aboral ends of the body rods) which only appeared 
in hybrids which in 1911 had lived longer than five days. 

Few as were the hybrids obtained by fertilising the eggs of Eckinocetrdium 
with the sperm of Eckimm, still fewer were the hybrids resulting from the 
fertilisation of the eggs of Eckiima with the sperm of Eehirmardium, In 
the vast majority of eases the eggs broke up with the formation of globules 
as I described in 1911. In the case of one urchin I obtained larvae which 
were purely maternal in character, i.e. which resembled exactly the normal 
larvae of Echinus emUentus, This result therefore tallied with that which 
Fuchs had obtained in 1912, indeed the larv» which I obtained lived longer 
and developed further than those described by Fuchs. In all other cases 
very peculiar hybrids were produced. The egg segmented so as to form a 
regular blastula, but when the primary mesenchyme cells were budded off 
into the blastocoele (fig. 2) the divergence between the hybrid and normal 



Fiq. 2. — Blastula produced by fertilising the egg of Echinus cmUenttu with the sperm of 

Echinocardium cordatvsn* 

larvee. became clearly marked In the normal blastula only about fifty 
primary mesenchyme cells are produced, all of about the same size, and 
these are arranged in a ring, but in the hybrid not only are the mesenchyme 
cells of many different sizes but some of th^ show the beginnings Off 
process of eytolysis. The conclusion is irresistibly si^gssted to ttos min4 
that this ovofT-productiott of mesenchyme is rsoUy a manifestation of tiSie 
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tezidenc^ to oytolyBis, which inhibits altt^ther the deveJopment of raost 
eggB of Echinus when treated with the apemi of Jffehinoearditm. 

The next day the hybrid blastula becomes a gastrula by the appearance 
of the invagination which gives rise to the archenteron. This invagination 
is of very small size compared to the corresponding invagination in a normal 
gastrula— it is, so to speak, pushed to one side by the abnormal multitude 
of mesenchyme cells (fig. 3). On the third or fourth day the larva reaches 
the stage when the normal larva is denominated a “prism-larva” — the 



Fio* 3.— Qaitrula produced by fei'tiliaing the egg of Echinus e$cvleutv4 with the sperm of 
Echinooardium cordatwtu archenteric invagiuatiou. 

stage, that is to say, when the archenteron has become differentiated into 
cesophagus, stomach and intestine, and when the mouth and stomodteum 
are making their api)earance as a new invagination. The hybrid, however, 
has retained the spherical form of the egg ; it is filled with a great mass 
of mesenchyme, and the small and feebly developed alimentary canal lies 
pushed to one side (fig. 4). 

A few of these hybrids lived to the age of five or six days, and, whilst the 
form remained mainly spherical, two short feeble rudiments of the postoral 
arms were produced. 

Loeb,* in describing experiments with the eggs of Aderim, makes the 
statement that these eggs require to lie in sea-water for some time in order 
to ripen : and that after they have lain for a day or so in aea-W'ater without 
being fertilised they die and undergo granular degeneration. It occurred 
*1^ < Die Chemische Entwicklmig dee Tiedschen Biee,’ Jena, lUlO. 
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to me that a critic might poasibly advance the theory that the eggs which 
I believed to have undergone cytolysis, in consequence of the entry of foreign 
sperm, really died in the normal course of affoirs through the inability of 
the foreign sperm to enter them and the consequent absence of fertilisation. 
In the case of JSchintis eggs the reply m^ht'be made that these even when 
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Fia. 4. — Stage equivalent to the “ priesi'larva ” in a hybrid produced by fertilising the 
egg of Echinut etcultnfut with the sperm of Eohinoccurdium cordatum. Oala., incipient 
calcifications, the rudiments of the larval skeleton ; /nt., intestine ; Si., stomach ; 
Siam., stomodeeum (ectodermal oesophagus). 

undergoing oytolysis show clearly and unmistakably the fertilisation mem- 
brane, which may be accepted as evidence that a spermatozoon has entered 
the e^, but the egg of Sehinomrdimi (fig. 1) does not show the fertilisation 
membrane clearly ; if present it lies close to the surface of the egg. In order 
therefore to place the matter Iteyond doubt the following experiment was 
made : — 

Eggs were shaken out from a ripe £ehinoeardium into sterilised sea-water. 
The culture thus obtained was divided into two portions ; one portion (A) 
was treated with the sperm of EcMimt emdentua, and one portion (B) was 
left unfertilised. On the following morning, in (A) all the were dead 
and had undergone oytolysis, but all the eggs in (B) were as clear and 
transparent as when they had left the parent. (B) was now divided in 
three portions, which we shall designate (a), (b), and(c); («) was fertilised 
with jfkhitwcardium sperm, (b) was fertilised with Eekiwus sperm, and 
(c) was left unfertilised. On the following morning, (a) had given rise to 
numerous larvee, showing tliat the eggs of which it was composed were still 
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prafectly capable of development. The egge of (5), however, had neither 
dCvelt^ted nor had they undergone cytolyna. They had remained clear, 
transparent, and unaltered, although they were surrounded by forests of 
spermatozoa whioh had failed to enter them. The eggs of the portion (c) 
had likewise remained clear and unaltered. 

It is therefore proved that the entry of a foreign spermatozoon into an 
egg may cause its death by producing oytolysis, and the enormous produc- 
tion of mesenchyme which takes place in those few hybrid ^gs whioh 
do develop is in all probability a phenomenon of the same kind as cytolysis, 
which is after all only a premature and exaggerated fragmentation of the 
cytoplasm. But an egg can become totally unreoeptive to foreign 
spermatozoa, whilst it is still capable of receiving the spermatozoa belonging 
to its own species and of undergoing normal development, and thus two 
causes of sterility when distinct species are crossed are unmasked, viz., 
either (a) the egg refuses to receive the foreign spermatozoon at all or (h) it 
receives it and undergoes cytolysis in consequence. 


The Optimum Temperature of Salicin Hydrolysis by Enzyme 
Action is Independent of the Concentrations of Substrate and 
Enzyme. 

By Abthur Compton, B.A., M.B., E.U.I., Imperial Cancer Eesearch Fund. 

(Communicated by Sir J. E. Bradford, K.C.M.G., Sec. E.S. Received 
October 14, — Read December 4, 1913.) 

The object of the present investigation is to ascertain the influence, if any, 
on the optimum temperature — temperature of greatest activity — of an 
enzyme, of the concentration, on the one hand, of the substrate, and, on the 
other, of the enzyme. The investigation, involving two variables, presents 
three cases for consideration, according as the concentration of the substrate 
and the concentration of the enzyme are varied separately or together. An 
account is given of the results obtained with the enzyme or enzymic 
function, present in sweet-almond emulsin, whioh hydrolyses the glucoside 
salioiii with the production of equimolecnlar quantities of glucose and 
saligenin. A commercial specimen of Merck’s emulsin was used, while the 
purity of the salicin employed was ascertained by determining its melting 
point (200*6®) and its optical activity (£«]g ae — 62''7®). 
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The BUGoeesive stages in the inanity may be bcidly BmaaoMiasd as toIlowB: 
(1) a preliminary deteminaticoi of the activity ol the speoiitieii nndeir eertam 
chosen conditions as regards the concentration of the sabstmte, the tem- 
perature, and the duration of the experiment; (2) a preliminary detenninB* 
tion of the optimum temperature with the quantity of enEyine fbond 
capable of producing 50 per cent, hydrolysis of the substrate under the above 
conditions ; (3) a determination of the activity onrres of the mizyme at the 
temperature thus found, in an action of the same duration for five concentra- 
tions of the substrate M/6, M/10, M/15, M/80, and M/50 ; (4) a determina- 
tion of the optimum temperature of the enzyme for each of the five 
concentrations of the substrate in presence of a ccmstant enzyme concentra- 
tion ; (6) a determination of the optimum temperature of the enzyme for 
each of the five conoentrations of the substrate with quantities of enzyme 
indicated by the activity curves as capable of producing 70 per oant. 
hydrolysis of the substrate in the given time: (6) a determination of the 
optimum temperature of the enzyme lor a constant ccmcentration of the 
substrate in presence of different enzyme concentrations. 

The preliminary determination of the activity of the enzyme was carried 
out in a M/6 dilution of the substrate during a period of 16 hours at 40®. 
The practical details were as follows: 286 mgrm. of salicin and varying 
quantities of the enzyme dissolved in 5 cm.^ of water, specially purified by 
redistillation under diminished pressure, wm'e introduced into each of a 
series of seven clean Jena glass test-tubes. The tubes were incubated for 
15 liours in a water thermostat at 40®, after which the enzyme action was 
stopped by rapidly cooling the tubes and then adding to each a drop of 
concentrated solution of ammonium hydroxide^ The proportion of ^ueoeide 
hydrolysed in each tube was estimated by the izkcrease of reducing power, 
measured by the method of Bertrand.* The numbers obtained are set out in 
Table I. 


Table I. 


Quantity of ensyme. 

Salioin hydrolysed. 

mgm. 

per cent. 

0-6 

84*6 

Z'6 

«7‘2 

8*0 

M-8 

4*6 

»1‘3 

6*0 

91-7 

7-0 

96*1 


97 *0 


* • Bull Soo. Chiin.' [8J IWW, vol. $5, p, 18». 
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If the percentages of salioin hjndroljmd be plotted os ordinates and the 
quantities of enzyme as sbscisste these numbers give tiie activity curve 
shown in %. 1. 

The preliminary determination of the optimum temperature of the 
enzyme, the second stage of the inquiry, was carried out as follows : A 
solution of the enzyme was prepared containing 10 times the quantity of 



/7y./ 


enzyme necessary to produce the percentage of hydrolysis decided upon — 
in this case 0'9 mgrm. for a 50 per cent hydrolysis as shown by fig, 1 — 
dissolved in 10 cm,* of redistilled water. After half to one hour of contact 
at the ordinary temperature the solution was introduced in portions of 
1 cm.* into each of a series of eight or nine test-tubes already containing 
288 mgrm. of salicin and 4 em.* of water. The tubes were then plunged 
into water-baths kept at known temperatures, and after 16 hours the 
action was stopped and the proportion of glnooside hydrolysed determined as 
before. The numbers obtained are set forth in Table II. 

By plotting the percentage of saliein hydrolysed against the mean 
temperature of the experiment these numbers give the curve indicated above 
in fig. 2. The optimum temperature under the forgoing coaditiona is thus 
found to be -f* 34'°’. 
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Table IL 


Temperatures at the be^in&mg and 
end of eaoh experiment. 

Salioin hydrolysed. 

0 

per cent. 

17 -8-17 -6 

24,^2 

29 -8-29 (5 

42*8 

84-7 

60*0 

41 -8-41 -7 

48*0 

60'2.4i0-8 

81 *4 

67 -8-67 "6 

16 *4 


Next the activity of the enzyme was determined in the vicinity of + 34® 
for a 15 hours’ action with each of the following ooncentrationB of the 
substrate: M/6, M/10, M/15, M/30, and M/50, the effect of which on the 
optimum temperature of the enzyme it was ultimately intended to study. 
The temperature actually employed was 33'6°-33’8° ; and the experimental 
details were the same, except the dilutions, as already described for the 
preliminary determination. The numbers obtained are given in Table III. 


Table III. 


Quantity of enzyme. 

Salioin hydrolysed per oent for the following coooentzations : — 

M/6. 

M/IO. 

M/16. 

H/80. 

M/60. 

mfprm. 

0*6 


31*4 

85*8 

28*2 


1*0 1 

66*1 

67 -8 

68*5 

49*6 

86*9 

2*0 1 

76*4 

84-7 

88-7 

77 0 

— 

8*0 

88*8 

98*9 

97 *5 

90*0 

77 *2 

5*0 

64*2 

97*6 

96*6 

99*0 

98*9 

7*0 

64*9 

66*7 

99*2 

100*6 

100*0 

10*0 

66*7 

100*2 i 

99*6 

— 

100*6 

12*6 

66*7 

***“ ] 

100*6 

100*6 

100 *0 


Tliese numbers give, on plotting the percentage of salicin hydrolysed 
against the quantity of enzyme in play, the activity curves shown in fig. 3. 

The influence of the substrate concentration on the optimum temperature 
of the ferment, the fourth stage of the inquiry, may now be considered. 
This is the case of determining the optimum temperature in a series of 
experiments in which the concentration of the enzyme is kept constant while 
that of the substrate varies. The concentration of the enzyme chosen, in 
aocordanoe with fig. 3, was 0’4 mgrm. in 5 cm.*, ».«. 8 x lO”* grm. per cm.* of 
the reaction mixture. Five different solutions of the enzyme woce prepared 
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oontaining 4, 8, 12, 24, and 40 mgrm. dissolved in 10 cm.* of water, whidb, 
after standing for ivalf to one hour, were introduced in portions of 1 cm.* 
into five series of test-tubes containing 286 mgrm. of salioin and 4, 9, 14, 29, 
and 49 cm.® respectively of water. After 15 hours’ incubation in baths 
at known temperatures the action was stopped and the quantity of salicin 
hydrolysed in each tube estimated as before. The numbers obtained are 
given in Table IV. 

Table IV. 


TexnperatttreB at tlie 
begiuniog and end of 
each experiment. 

Salioin h^droiy»ed per cent, with the following substrate 
oonoeutrations : — 

M/6. 

M/IO. 

M/16. 

M/ao. 

M/60. 

o 

7 -8- 7 -7 


10*8 




8 *8- 9 ‘0 

6*6 





9 *6- 8 -5 

— 

— 

IB '8 



9 *4-10 -8 

— 

— 

— 

26 *0 


12 -0-10 *9 

— 


— 

— 

85 *6 

17 •2-17 -3 

— 

28*0 




17 ‘4-17 1 

10 *8 





17 -5-17 -6 

— 

, — 

82-6 



18 '6-18 ’6 

— 

— 

— 

— 

67-6 

18 -9 


— 


47-0 


26 *2-26 *0 

— 

— 


68 '7 


26 *4-28 *7 

— 

— 




76 -0 

26*6 

19 *2 

88-(t 

60*8 



80*0 

22 *3 

41 *9 

68 '6 

76 S 


80*6 


— 

— 

— 

75*8 

88*6 

28*6 

44*6 

62 '9 

807 

88*8 

40*6 

— 

' — 

— 

68*8 

76 7 

40 *7-40 *6 

' — 

89*4 




40 *8-40 *7 

22*4 

— 

56*2 



46*0-46 *2 


— 


— 

66*9 

46 *6«46 *8 

19*7 

85 -0 

48*7 



46*6 

— 

— 

— 

64 7 


60 '8-60 '6 

16 *1 

— 

81 *9 



60 *6-60 *6 

— 

26*8 

— 



61 '1-50 '8 

— 

*- 

— 

84*8 


61 '1^-61 *2 

— 

— 



88*8 

64 *8-64 *0 

11 '2 





64 ‘2-64 *8 

— 

18*4 

21 ‘4 

24*8 


64 *6 66 *0 

— 




25*8 


These numbers give graphically the curves shown in fig. 4 (p. 249). 

On examination the above carves indicate, although with very different 
degrees of precision, maxima in the same region of temperature. In so far 
as the curves are comparable with one ano^er, they produce the general 
impression that the optimum temperature of the enzyme is constant, and 
consequently independent of the concentration of the substrate. But to 
answer the question more definitely curves of a uniform type, easily com- 
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p$xmble among each other, are required. Xhie can only be achieved by 
varying the conoentration of the enzyme at the same time as that of the 
Bubetrate, for, ceieria partinis, the extent of an enzyme action is, as shown by 
the activity curves of figs, 1 and 3, determined by the proportion of enzyme 
to substrate present in the reaction mixture. The case which constitutes the 
fifth stage of the inquiry will now be considered. 


Table V. 


TempemtureB at thtf 

Salic in hydrolTBed per oent. with the following inoleoolar oon- 
oentration* of the substrate and grm. of the enzyme per om.^. 








of each experiment. 

M/6. 

M/IO. 

M/16. 

M/ao. 

M / 80 . 


31 K 10 -*. 

18'6 K 10 -*. 

8-7 X 10 -*. 

6-7 X 10 -*. 

6 x 10 ^. 

o 

8*0 



17 *2 




9 0 - S*S 

— 

17 ‘S 





9 »6- 9 *0 


— 

— 

18*8 


1 

17 - 8-17 -6 

86 *0 






i 8 ’ i - i 8 *a 


84*2 





18 * 2-18 *4 


— 

— 

— 

89 -7 


18 *4 

— 

— 



— 

41 *6 

18 * 7-18 ‘5 


— 



40*8 



18 * 8-18 *7 

— 

— 

86 *8 




28 * 1-22 *5 

46 *1 






24 ■ 9-26 '1 

— 

— 

— 

— 

60 -6 


29 • 1-26 -2 


— 

68*8 




26 * 2-26 *4 

— . 

— 

— 

60*8 

— 

61 *1 

27-0 

— 

66 *9 





20 '7 

62 *2 






80 • 0-80 6 

— 

— 

— 

66-7 



80*6 



— 



68 -6 

69*4 

81 * 8-81 *6 


— 

68 •? 




88 * 5-88 *8 

— 

69*4 

65 *8 




88*8 




— 

70*0 

— 

70 •O 

84 * 7 - a 4*8 

— 

— 


— 

71*7 


86 * 6-86 *7 


— 

66*8 




86*0 

— 

69*4 





36*6 




66*3 



89 * 4 - 39*9 

— 

— 

— 

— 

69*7 


41 * 8 - 42*0 

60*6 

68 *8 





42 * 6 - 48*0 

— 

— 

— 

56*3 j 



48*0 

— 

— 

— 

— 

— 

68 *0 

48 * 6-48 *6 

— 


51 *2 


1 

1 


44 * 0 - 44*4 

— 

— 


— 

1 47*0 


47 * 8 - 48*0 

— 

48 *8 


i 



48 * 0 - 48*6 

— 


— 

87*7 i 



48*6 

— 


87*7 

— 

— 

86*4 

49 * 0 - 49*6 

— 

— 

— 

— 

i 84*1 


60*2 

44*6 




1 


610 

— 

86 *6 





61 * 7-61 *5 


— 

80*7 




68*5 

— 



22*7 



68 ^ 6 - 58*8 

— 

— 



22*6 

22*4 

64*6 

88 *6 






67 * 6 - 57*4 

28 '7 
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That the curves might be vertical enough to give sh^rplir defined 
maximum points^ it was decided to aim at obtaining about 70 per cent, 
hydrolysis of the substrate at the optimum temperature, A cursory 
examination of fig. 3, which was constructed at approximately -f34®, shows 
that to obtain such curves — assuming for the moment, what fig. 4 already 
indicates the probability of, that the optimum temperature is independent 
of the concentration of the substrate, and situated at about -f 34^ — the 
quantities of enzyme required, in actions of 15 hours' duration, are 1*66, 
1-36, 1*30, 1*70 and 2*50 mgrm. respectively for the concentrations M/6, 
M/10, M/16, M/30 and M/60 of the substrate. Working with these 
quantities the experimental data obtained are set forth in Table V, 

By plotting as before the percentage of salicin hydrolysed against the 
temperature of the experiment the foregoing numbers give the curves repre- 
sented in figs. 6, 6, 7, 8 and 9. 

On careful examination the curves below all show that the activity of the 
enzyme is greatest between +33*6® and +34*5®; in other words, that the 
optimum temperature is about + 34®, and is constant, notwithstanding the 
wide variations in the dilution of the substrate and the accompanying 
variations in the dilution of the enzyme. 







conc^i M/50. 

Knjyme cone*! per cm* 
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Table VI. 


■ 

Balicin liydrolyBed per ennt. with the following enzyme oonoentratlonz 

TempemtureB at the 
beginning and end 



per cm *. 



of each expori raonfc. 








1-8 X ] 0 -‘ 

as X ^ o *^ 

6*8 X 10 -‘. 

11-7 X l 0 -\ 

15 X 10 ~\ 

18 X 10 -‘. 

0 

8 ‘ 5 - 8 -3 





4 . 3-7 


9 * 6 -- 8 -5 


— 

— 

— 

, 

48*7 

10 * 0-10 *5 

— 

ICO 





17-6 

— 

— 

— 

— 

70*0 


17 - 8 - 17 - f ) 


24 -7 





18 * 2-18 *0 


— 

— 

— 

— 

78-7 

18 - 7-18 0 

— 

— 

...... 

68*0 I 



19 *0 

18*8 






19 * 5-19 0 

— 


47*7 




20 * 3-20 *1 



— 

— 


84*0 

21 * 5-21 1 


— 

61 *6 




22*6 

— 


— 

■ — 

— 

92-0 

84*4 

— 

— 

— 

78 *0 



24 * 8-24 •» 

— , 

— 

61 *7 




26 * 6-25 *« 

22 5 






1 25 * 8-25 *0 

— 

38*0 





28*2 



— 

^ . 

90 *0 


80*0 

— 

— 


— 

96-3 


1 80 *2 

25*2 

■ W -8 

• 




80 * 4-31 a 

— 

— 


91*0 



31 *1 

! 

1 

— 


— 

i 09 -0 

81 * 6-81 *7 

— 

— ■ 

70 *0 




82 * 9-33 *1 

1 

— 

— 

91 *7 



! 88 *6 

1 

46*8 

— 


98*0 


1 84 *0 

26*2 1 



— . j 



: 37 * 0-87 *8 


— 

74 *2 




I 40 * 0^39 *0 

— 

— . * 


— 



40*2 

23 *0 




i 

1 . 99'7 

40*6 

1 — 

43 *8 

— 

85*0 

1 


: 40 *7 

— 

— 

— 


99*0 

i 

4 X * 8-42 *0 

— 

— 

; 05 -3 



1 

i 46 * 0-45 *2 

i — 

35 *8 

— 

73 *3 

84*0 

1 

; 45 * 0-46 *4 

1 18*8 




t 


1 49 * 1-49 *0 

: 18 *5 






1 50 * 5-50 *4 


— 

' — 


61 *3 

69*0 

61 1 - 51 -0 

i — 

— 

' — 

47*7 



62 - 2-51 *6 

i — 

— 

■ 


— 

60*7 

. 53 * 6-63 *6 

— 


20*8 




; 54*0 

— 

14*6 

1 — 

— 

42 *7 


1 54*3 



j — 

85 0 



1 65*0 

— 

— 


— 


44*8 

1 66*0 

(1*6 


1 




j 67*0 

t 


i 18 *0 

i 





Turning now to the last Htage of the inquiry, the case of the substrate 
concentration remaining constant while that of the enzyme changes, it 
constitutes the study, properly speaking, of the influence of the enzyme 
concentration on the optimxim temi»vature. Althm^h rendered unnecessary 
by what precedes, the study is given in order to complete the present 
investigation. For this a M/30 dilution of tlie substrate was chosen and 
yOL.LXXJtVII.--B. T 
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the optinttum temperature determined in actions of 16 hours' duration with 
quantities of the enzymic specimen giving concentrations varying between 
l'8x 10“*' and 18 x 10“® grm. per cm.®. The numbers obtained are given in 
Table VI. The results are recorded graphically in fig. 10. 





» 20 30 40 JO 60*0 

temperature ■ i> 

— , / Substrate conco tV30. 

■ I En 3 yine cones l•8xK)''tol0)‘IO'gr.pe^c^rt* 

The curves of fig. 10, as well as the M/30 curve of %. 4 and that of fig. 8, 
show that the optimum temperature of the enzyme is the same in each, and, 
consequently, independent of the concentration of the enzyme. This holds 
true, as shown by two of the curves in fig. 10, even when the proportion 
of enzyme to sulffltrate is more than sufficient to produce complete hydrolysis 
of the substrate at the optimum point. Here the optimtuu point is imaginary, 
and corresponds to the intersection of the curves representing respectively 
the activation and the destruction of the enzyme by heat. 

Briefly, then, the outcome of the inquiry is, for an action of known duration, 
the optimum temperature of the enzyme investigated is independent aUke of 
the concentration of the substrate and of the ooncentration of the enzyme. 
Whether the statement he true of enzymes in general — as theoretical con^ 
eiderations would lead one to expect — propose to answer by fresh experiments 
on other types of enzymes. 
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The Resonance of the Tissuea as a Factor in the TransmissioH of 
the Pvlae and in Blood Pressure. 

By Leonard Hill, M.B., F.R.S., James M. MoQdkbn, M.A., B.Sc., M.B., 
and WiDUAM W. Ingram, M.B., Ch,B. 

(Eeoeivod June 24, — Head June 26, 1913.) 

(Prom the Physiological Laboratory, London Hospital, and the Pathological Laboratory, 

Aberdeen University.) 

Systolic blood pressure in man is measured by the pressure indicated on a 
manometer scale at the point of disappearance and reappearance of the pulse. 
When the pressure is raised in the armlet of the Riva-Booci or Hill-Bamard, 
or their modifications, or in the bag of the pocket sphygmometer (L. Hill), the 
pulse is supposed to disappear at the moment when the arterial lumen is 
obliterated, and to reappear when the patency of the channel is re-established. 
Consequently every effort has been made to secure that the pressure should 
be transmitted to the arterial wall as far as possible without loss. Accuracy 
in instrumental readings has been held to be conditional on such perfect 
transmission of pressure. 

Of late years controversy has ranged round the importance of the arterial 
wall as a factor in blood pressure, especially in diseased conditions of the 
wall, e.g. arteriosclerosis. One of us (L Hill) with Russell Wells (2) and 
Martin Flack (3) has shown the importance of the arterial wall in influencing 
conduction of the pulse, and has ascribed the high readings obtained in the 
arteries of the leg in cases of aortic regurgitation to a better conduction of 
the pulse in contracted and more rigid arteries. There remains for us in 
this paper to demonstrate another factor, lutherto overlooked, in the takiitg 
of blood-pressure observations, namely, the influence on the arterial pulse 
of the resonance of the tissues permeated with arterielea The pulse is 
essentially a phenomenon of periodic vibrations, and by the resonance of the 
tissues we denote the property of the tissues to further the pulse vibrations 
by synchronous vibrations of like (positive) periodicity. 

Our observations have been made in the first place on a man, a boiler* 
maker by trade, aged 53 years, whose arteries show on both arms sl%ht 
though equal arteriosclerosis. His apex beat is visible within the nipple 
Ikie, and his oardiao valves are intact, Ho aneurismal condirion is detect 
Hm right jeadial artery pursues an aberrant course, oor^ some 3 inohes 
hhom the styloid process of the radius over the supinator longus muscle on 
to the dorsal snriCaoe of the forearm, where it runs over the extensor tendons 
vot. mqatm— B. u 
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of the thumb, till it dips between the inteToesei muscles in the first inter* 
osseua space to join the deep carpal arch. The brachial artery in the ana 
and the radial artery in the forearm are divided by us into certain positions. 

Position I (radial artery) denotes the part of the artery on the back of the 
hand that can he covered by the bag of U<e L. Hill sphygmometer while 
space is left for pulse observation distal to it. 

Position II (radial artery) denotes that part of the artery which can be 



covered by the bag as it curves from the dorsal surface to the palmar surface 
of the forearm. 

Position III (radial artery) denotes the superficial course of the radial 
artery in the forearm just previous to its dipping deep between the supinator 
longus muscle and the pronator radii teres. 

Position IV (braohial artery) denotes that part of the brachial artery that 
lies superficially in the anteoubital fossa. 

In position I the artery lies superficially under the skin, and is placed 
upon an unyielding bed of bone, the carpal bones, their ligaments and 
the tendons of extensor muscles. Such an observational site may well he 
taken as a standard, in the light of which all other positions may be 
reviewed. Tlie bag of the pocket sybygmometer applied on the artery at 
position 1 cannot fail to transmit pressure equally to all parts of the aitetfy 
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beneath the bag, ajid there can be no loss of presBure hero through the faulty 
transmission of intervening tissues or through distortion of tissues. 

Analysed anatomically position II is similar to position I, while in 
position III the radial artery courses over the pronatus quadratus and flexor 
longus pollicia At position IV the hrachial artery lies on the deep tendon 
of the brachialis anticus muscle. 

Taking readings of disiippcwance and reappearance of tlie pulse with the 
pocket sphygmometer wo find — 


Position I 

ram. of Hg. 

pulse disappearance 55 

mm. 

pulse reappearance 

of Hg. 

50 

Position II 

51 

» 

55 

O }> 

50 

Position III 

)5 

5f 

130 

}> 

125 

Position IV'I 

rA „ 

>5 

105 

» 

100 



75 

» if 

70 


Substituting a bag of water for one of air the readings arer— 




ram. of H!g. 

mm. 

of Hg. 

Position I 

pulse disappearance 

55 

pulse reappearance 

50 

Position II 

51 

» 

45 

11 55 

40 

position III 

>1 

if 

130 

55 *> 

125 

Position IV -j 

"A „ 

it 

119 

55 55 

109 

L.B „ 

» 

65 

it it 

63 


The subject was in the horizontal position in all cases. 

The low reading of 55-50 nirn. of Hg at position I cannot be due to any 
fault in the transmission of pressure through the bag to the arterial wall 
Consequently, we assume that the pulse has disappeared at 55-50 mm. 
of Hg before the blood flow has ceased through the artery. In other words, 
the phenomenon of arresting the pulse by occlusion of the artery is not 
brought into play in this observation. 

Two methods suggest themselves by means of which it can be proved 
that when the pulse ceases to be felt at position I the arterial flow is still 
maintained, that the pulse has, as it were, l)een skimmed oiff the current* 

Keeping the bag of the sphygmometer pressed on position II with a 
pressure of 180 mm. of Hg, one can strip tlie blood out of the artery, and, 
to prevent recurrent flow, fix the artery below, as it dips through the 
interosseous space* By releasing the pressure at II, the lumen of the empty 
artery can be felt to fill with blood when the pressure in the bag registers 
116^120 mm* of Hg. It can be felt standing out as a bulging cord at 90 mm. 
of Hg, while the pulse returns at 60 mm. of Hg. 

It is possible to place the armlet so as to cover position HI and part of 

0 2 
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II, while the bag m pressed on part of II and part of I, the following reading 
can then be taken ; — 

mm. of Hg. 


Pressure in armlet 90 

Pulse disappears below bag at 55 


Here there can be no question that the blood flow jwisaes through the 
pressure of 90 mm. of Hg, and therefore cannot bo arrested by a pressure 
of a bag at 55 mm. of Hg. A further possibility suggests itself that the 
pulse may be diverted through pressure on the hag, and seek an easier 
channel through some branch of the radial artery. Against this supposition 
we sirggest : first, that the branch chosen must l)e a big one, otherwise what 
the pulse gains in an easier path is lost in the friction due to the narrower 
lumen ; second, that a pulse would never pass back from the bag at 50 mm. 
of Hg, under the armlet at 90 ram, of Hg. Consequently we conclude that 
with the bag in position I the pulse is damped down under the bag, while 
there is but a trifling obstruction to the blood flow in the artery. The 
blood in the artery below the bag takes on the characters of a venou.s 
flow. 

The aberrant radial artery where it lies in part of position I, in position II, 
and position III was covered by the armlet, and while preventing the 
recurrent ulnar pulsation, a reading was taken. The pulse was then found 
to disapi^ar and reappear between the limits of 120-130 mm. of Hg. Con- 
sequently the aberrant radial artery in positions I and II, overlying bone 
ligaments and tendons, can withstand a pressure of, say, 110 mm, of Hg without 
the pulse being damped down. But with the bag of the pocket sphygmo- 
meter at position I or at position II, the pulse is removed from the blood 
current with a pressure of 65-60 mm. of Hg. Yet, according to physical 
laws, the pressure is equally delivered to the elastic wall of the artery 
by both instruments. The problem is seen then to depend (m the air 
contained in the armlet in the one case, and on the air contained in the 
bag in Die other. It is not a matter solely of pressure in the air of the 
armlet or of the bag, but the important factor is the state of the air in both 
cases as regards periodic vibrations. 

The air in the armlet is in a state of periodic vibration. These 
vibrations depend on the polsation of the mass of tissues which sorroimd 
the ulna and radius and are embraced by the armlet At every heat 
of the heart the incompressible blood is pumped into the tissues through 
arteries large and small, and the pulse of each and every artray is 
directed as much outwards into the tissues as inwards upon the faiood 
stream. Consequently tire tissues become a puleatag mass, as eao he 
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registered on a plethysmograph ourve. When the b>^ of the pooket 
Bphgymometer is applied to the artery, either at position I or at posititm II, 
the pulsations in the air of the bag are at a minimum, because the tissues 
lying under the bag are com}mratively pulseless. In the case of the armlet, 
witli its wider embrace of pulsing tissues, the air shows pulsations more 
or less synchronous to the pulse in the artery, tlm arterial pulse is therein 
strengthened and enabled to resist the damping-down effect of the armlet. 
Consequently the pressure applied to the arterial wall may be increased from 
60 to 100 or 110 mm. of Hg, as the case may be, and yet the pulse persistB, 
provided the medium through which the pressure is applied is itself in a 
condition of like periodic vibration. Of course, the vibrations must be 
of such a period as will strengthen the pulse of the artery and not 
oppose it. 

It is on this fundamental experiment that the hypothesis of the resonance 
of the tissues is grounded. By this hypothesis we can explain the various 
readings obtained by the same instrument (e.g. bag of pocket syhygmometer) 
at positions I, II, III and IV. Position II is obviously similar to position I. 

In position III the radial artery lies as we trace it centrally, first on the 
pronator quadratus, and then on the flexor longus pollicis. When the bag is 
applied to the artery in position III, there are beneath it fleshy tissues with 
numerous arteries in them. Consequently, the tissues below the bag ore 
throbbing more or less synchronously with the pulse in the radial artery at 
position in. Tire air of the bag is then in a state of periodic vibration, as in 
the case of the air of the armlet. Accordingly, the reading becomes the high 
one of 130-186 mm. of Hg. The damping-down effect of the bag on the 
pulse has been compensated for by the resonance of the tissues beneath it. 
Beadings with the bag of the pooket sphygmometer placed at position IV 
have been noted to vary from 60 to 100 mm. of Hg. In taking these 
readings, the recurrent ulnar pulsation can be damped down at position I, 
and the pulse felt at position II. Such variable readings do not occur 
haphazardly; it can be demonstrated that they depend on the varying 
anatomical condition of the areas below the bag. Such areas may be 
classified into areas of high resonance and areas of low resonanoe. 

If a diagonal line is drawn through the centre of the eui^erfioial 
brachial artery at position IV (see Diagram), the bag of the ^ygmometer 
can be so placed that 1/3 of the bag lies to the radial side of the artery and 
2/8 on the ulnar side, or, the same length of artery b^ng covered ae before 
by the bag, 2/3 of the bag can lie to tlie radial side of the artery and 1/3 to 
the ulnar side. 

These positions are indicated by theoircle (a) and the ciicle (6). 
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It ifl to be noted that the same length of artery ig tinder pressure in both 
<ia6eB. The bags are covered with the hand in a precisely similar manner, 
yet the pulse at a reappears at 90 mm, ; at h, reappears at 60 mm. 

This difference can he explained by an analysis of the tissues underlying 
the bag in either position. In position a, 2/3 of the bag lies on the fleshy 
belly of the supinator longus and biceps, and over the arterial anastomosis of 
the radial recurrent artery and the superior profunda artery. In position 6, 
2/3 of the bag lies on the tendinous insertions of the flexor group of 
muscles. Here the arterial supply is much less. Consequently, the 
resonance of the tissues in position a is greater than the resonance of the 
tissues in position b, and the pulse suffors a great damping-down in 
position 

Here we liave no question of loss of pressure through overlying < or 
distorting tissues. The tissues over the artery are the same in both cases. 
The pressure on each point of the circumference of the bag is the same. 
Consequently, it must be that, in position a, the air delivering the pressure 
is in a state of greater periodic vibration than the air in the bag in position b. 
The vibrations that underlie the phenomenon of sound are transmitted in 
water as in air. We find that when water is substituted in the bag for air 
the same results are obtained. The water takes on the periodic vibrations of 
the resonating tissues. 

L Hill and Kussell Wells (2) have recently shown how important 
a factor in the pulse curve is the lability of the arterial wall. It has 
also been shown by L. Hill and Martin Flack (3) that, when an artery is 
freed from the tissues, and thereby deprived of the support of the tissues 
round its wall, the pulse curve is much affected. The lability of the wall is 
called into play, and the systolic pressure of the heart is spent in distending 
the wall of the artery. It was possible, then, that the artery lying moi*e or 
less superficially at positions II, III, and IV, would have its wall distended, 
so that the pulse arriving under the bag at position 1 would be already 
damped down before pressure was applied to the artery at position L, 

Our experiments show that, at position I, with a pressure, say, of 
60 mm. of Hg, the pulse is skimmed off the blood current, but the arterial 
flow remains. Consequently, the block on the blood flow is not an 
absolute one. 

Experiments were made by supporting the superficial artery with the 
armlet and with the bag of another sphygmometer, to determine whether 
such support played any part in the production of the low pressor© reading 
at position I. 

Oto results show that no matter what pressure is raised in the armlet on 
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positions III and part of II, the pressure in the sphygmometer bag covering 
part of position II and part of position I required to obliterate the pulse 
remains the same. On the* other hand, when the artery is, in addition, 
supported by varying pressures at position IV, the reading becomes 5*16 mm. 
higher. Simultaneous support in positions IV, III, and part of II, makes the 
reading at part of position II and part of position 1 higher by 5-10 mm. 
of Hg. 


Table where Supporting Pressure is Applied successively at Elbow and 

Forearm. 


Supporting preaaure of sphygmo- 
meter bag at elbow, position IV. 

Supporting pressure in 
armlet over part of 111 
and part of 11. 

Sphygmometer bag at part of I 
and part of IX. 

inm. of Hg. 

Experiment I ... 40 

0 

Experiment 11 ... 40 

0 

Experimant III ... 40 

0 ! 

Experiment IV 0 ; 

0 

40 

Experiment V ... 0 

0 

40 

mm. of Hg. ‘ mm. of Hg. 

40 i 75 disappearanoo'of pulse. 

0 ; 65 

40 '73 „ 

0 : 68 

40 ! 65 „ „ 

0 60 

0 ! 65 reappearance „ 

40 I 66 ,, ,, 

40 1 66 „ „ 

0 : 66 „ ,, 

40 j 66 „ ,, 

40 ! 65 „ „ 


Table where Supporting Pressure is Applied at Forearm only. 


Supporting jpressure of armlet 
in position III and part of II. 

Sphygmometer bag on part of I 
and part of IL 

mm. of Hg. 

mm. of Hg. 

0 

60 

reappearance of pulse. 

10 

60 

i> f» 

30 

60 

n i} 

30 

50 

» *t 

40 

60 

»» I# 

60 

50 

If •> 

60 

50 

If tf 

70 

60 

)i )» 

80 

60 

n II 

90 

60 


100 

60 

II 11 

no 

60 

11 tt 


^ — It in important to oommenee from zero and work upwards and nbt fate the pressure to 

110 nun. of Hg all at onoe, because tenoue oongestion, wbioh h rapidlj aoeommodated for when 
rtahig Aero, otherwise proves a disturbing factor. 
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Table where Sapporting Pressure Is Applied as far as possible Siimdtaaeotuly 

at llbow and pOTearm. 


Supporting preMure of armlet 
appUed at poeition IH and part 
of ir. 

Bupmrting preesure of 
epkygmometer bag 
at position IV. 

. , 

dphygmometer bag at part of 
position X and |>art of It. 

Inerease In mm. of Hg on 
JpreriouB reading before 
application of supporting ^wes- 
sure at elbow and forearm. 

mm. of Hg. 

XIxperiment I ... 20 

Experiment II ... 80 

Experiment III ... 40 

Experiment IV ... bO 

Witn. 

20 

SO 

40 

50 

' iVcfe. — Care must be taken 
that the ba^ at IV is 
a^^lied as In Diagram 

6-10 

5- 10 

6- 10 

6-10 

i 


iVb^c . — li ia not posaiblo to apply the»e preatures at Poaitiona IV» III and part of II witlt 
perfect eynohronism, a« tlie preaeure cannot be raised in t)ia armlet to 150 mm. without two 
oompreasions of the pump. 


Accordingly, provided one guai'ds against errors from change in the arterial 
wall through manipulation — we have noted that after many readings witb the 
bag at position Z the artery becomes obviously liarder and the reading rises — 
and, provided one constantly guards against a rise in arterial pi-essure during 
an experiment, then lack of support of the wall may account for a loss of 
pressure of 5-10-15 mm. of Hg. But such lack is obviously unable to account 
for the low reading at position I of 50-60 mm. of Hg. Further, the experi- 
mental observations with the sphygmometer bag on varying positions at IV 
show that the main factor must be the resonance of the tissues. 

But low readings with the sphygmometer bag are not confined to aberrant 
radial arteries. Thus one may observe the same phenomenon on the dorsalis 
pedis artery. 

Beading with bag on dorsalis pedis horizontal position— 

mm. Hg. mm. Hg. 

Dorsalis pulse disappears 85. Bight radial pulse disappears 145. 

„ „ reappears 80 „ „ „ reappears 140. 

In this case the dorsalis pedis available wa« short and the foot was fieshy. 

In another case where the dorsalis pedis is longer and the tisitees sur- 
rounding it scantier, then — ' ■ 
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ram. Hg. ram. 

Doreftlis pulse disappears at 55. Left radial pulse disappears at 135. 

„ „ reappears „ 50 „ „ „ reap^wars „ 130. 

Subject in tbe horizontal posture. 

In yet another case the pulse disappeared at 35-40 mm. Hg. 

The anterior tibial artery in the leg is overlapped in the upper iiart of the 
leg by the tibialis anticns muscle, in the lower part of the leg by the 
extensor longus digitorum, extensor proprius hallucia, and anterior annular 
ligament. The dorsalis pedis artery is overlapped by the anterior annular 
ligament and by the innermost tendon of the extensor brevis digitaruin^ 
Consequently, the artery above the point of application of the sphygmo- 
meter bag is well supported. Yet the readings are similar to readings on 
positions I and II of the aberrant radial artery. 

The low blood-pressure readings obtained with Hill’s pocket sphygmometer 
on the aberrant radial artery, or on the dorsalis pedis artery, are due to the 
absence of the resonance of the tissues. Provided one could, in the fore- 
arm, tie every artery except the radial, and every large branch of the 
radial artery, one would find then that the blood-pressure readings taken 
by Hill’s jjocket sphygmometer, or by the armlet methorl, would approxi- 
mate closely to the low readings found in the alierrant radial artery. 

Another method of demonstrating the effect of resonance on the imlse 
is the following .'—Blood-pressure readings are taken in an individual in 
the upright position, from the forearm held at the level of the heart. 
Tbe systolic blood-pressure is found to be 120 mm. of Hg (disappearing 
pulse index). A similar reading is found in the other arm. One arm is 
then fully extended above the head, and the foreann, from the tii» of the 
fingers to the elbow, is bandaged tightly to render the limb isohesmio. 
An armlet is fitted to the upper arm, and the pressure is raised 
in it well above the systolic pressure to prevent the blood flowing into 
the ischsemic limb. The bandage is then removed, and the arm lowered 
to the heart level. Hill’s pocket sphygmometer is now placed on the 
forearm covering the same position as before (the position is previously 
outlined with ink) and the radial artery is blocked with one finger to 
prevent a pulse from the ulnar recurrent artery ; the pressure in the armlet 
is then let down rapidly by pulling the tube off the metal connection of 
the oompressing bulb. When the first pulses are felt at tlra wrist, the 
Of the sphy^ometer is pressed on to the artery until the pulse is 
dowui' a pressure of 70 mm. of Hg suffices to do ^lis. Soon the 
poise reappears below the bag, and the bag has to be pressed on with, ssy, a 
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piessiiro of 80 inm. of Hg befoie the pulse again disappears. We find 
the systolic blood-pressure readings rise aucoessively from. 70 mm. to 
80-90-100-110-120-130-140 nun. of Hg. There may, or may not, be a 
rebound effect when the blood pressure rises, for a short period, above 
what it was at the oomineuceinent of the experiment, and above the reading 
in the foream of the other arm. 

The isclneroic limb on the abolition of pressure in the armlet on the upper 
arm is found to gradually swell and becomes red. There is obviously a 
marked vaso-dilatation. 

Bayliss (4) has shown that when the blood pressure is taken off a limb or an 
organ, e.y. by blocking the abdominal aorta, an increase in volume of the 
limb or organ occurs when the block of the aorta is removed. Bayliss offers 
no proof as to which part of the vascular mechanism dilates in this reaction. 
A study of the phenomenon in a limb with an aberrant radial artery daring 
this experiment gives a clue to the vascular conditions present in the reaction. 
The alwrrant radial artery can be seen to dilate. It stands out like a small 
worm on the back of the wrist. The veins on the forearm also dilate. It is 
unlikely that the. arterioles are constricted when there is visible an increased 
blush of the capillary area. We conclude that during Bayliss’ phenomenon, 
after a bandage Iras been used to make the limb ischmmic, the main arteries 
as well as the arterioles of the limb dilate. 

This can he proved by tracings taken with the Dudgeon sphygmograph 
from the aberrant radial artery on position I. We use weight extension to 
fix the Dudgeon. The base line of the tracings is seen to progressively rise 
as the artery dilates. Care must be taken to fix the limb effectively daring 
this experiment. 

A further proof that the main arteries are dilated can be got by plunging 
the congested limb into ice-oold water. After a period in the cold water the 
artery is felt to be very much constricted, and this is oonfirmed by visual 
examination. Massage of the artery brings it back to its original dilated 
condition. 

A modification of this experiment, viz. releasing the artery and taking the 
blood pressure in the isohstmio limb as the limb fills with blood, can be 
performed. The isohmmic Kmb with an armlet on the upper am at a 
pressure well above the ascertained systolic blood pressure oan be plunged 
into ice-cold water with ice in it. After a short period the limb, withdrawn 
from the ice-cold water, is found to be thoroughly chilled and is dried by 
mopping lightly without rubbing. Rubbing might dilate the arteries. When 
the pressure is let down suddenly in the armlet, at first the pulse can be 
damped down by 40 to 60 mm, of Hg, then the pressure rises, but much more 
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dowly, to normal or above normal. Tliis is the important point, that the 
blood*presflnre reading in the radial artery rises much more slowly in the Oold 
isohaimic limb wherein the arteries are constricted than in the warm isohflemio 
limb wherein the arteries are dilated. At the conclusion of the experiment, 
when the blood pressure is back to normal, the aberrant radial artery still 
feels like a whijxjord — highly contracted. Massage of the whipcord artery will 
bring it back to the wonn-like condition wliicli obtained in the congested 
limb* 

Accordingly we can conclude that the phenomenon occurs in the dilated or 
in the contracted artery^it is immaterial which. Consofiuently the initial 
low blood pressures (as measured by the di8ap})earance of pulse) on allowing 
the blood to enter the arteries are indejKJndent of the state of the arterial 
wall They are also independent of the j)eriphera] resistance. 

Blood-pit^ssure estimations were made on the ateiTant radial artery at the 
close of these experiments on the warm limb (now congested) and on the 
cold limb. 

When the systolib pressiire had arisen to the normal 120-130 mm, of Hg 
in the forearm in the warm limb the reading obtained at position I on the 
dilated aberrant radial artery was 50-60 mm. of Hg. In the cold limb when 
the blood-pressure reading in the forearm was found to be 160-160 mm. of 
Hg (the same as the initial pressure in the individual tested), the constricted 
aberrant radial artery gave a reading of 70-80 mm. of Hg. 

We conclude, therefore, that the pulse in either the dilated artery or the 
contracted artery can be damped down by a pressure 70-80 mm. Hg or so 
below noiiual. Experiments similar to the above, and with like result, can 
be perfoi’med on the dorsalis pedis artery. 

We have traced in the isebiemio limb the rise in the size of the beat of the 
radial artery, or of the dorsalis pedis artery, or of. the aberrant radial artery 
(at position I) using both Mackenzie's polygraph and the weight-extension 
method and the Dudgeon sphygmograph, and bkxjking the artery below to 
prevent the recurrent pulse. When the armlet is compressed in the upper 
arm and the pressure suddenly let go, one notes that the beat in the congested 
limb returns quicker to its normal size than in the ischasmic limb. In all 
cases ths beat takes longer to come to normal when the weight-extension 
Dudgeon is used than wheh the tracings are taken by the polygraph. The 
weight-extension method of applying the Dudgeon avoids the pletbysmo- 
grapliio effect of the polygraph (Lewis). One often finds the pulse takes 
a minute to return to its maximal swing, until the surrounding tissues are 
filled with blood and resonate with it. 

It might be argued in the light of the fact that the return of the maximal 
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beat is slower in the isduemic Mmb than in the oonneeted Umb, that w« 
have herein a natural explanation of the initial low preasure readings. 
The pulse beats in the isoheemio limb are of feeble force, oonseqnently the ba^ 
of the sphygmometer applied to the artery naturally damps down the feeble 
beats. But we have shown that maximal beats, whether the artery is 
dilated or oontraoted, suffer a damping-down in the abdriant radial artery 
at extremely low blood pressures. Thus in one experiment, when the 
systolic blood pressure was taken at heart level by Hill’s sphygmometer in 
the forearm at position III and was found to be 120-130 mm. of Hg, the 
returning pulse in the isohmiic limb at position III was damped down at 
70 mm., and when the blood pressure rose at position III to 120-130 mm. 
the pulse in the aberrant radial artery at the back of the wrist at posi- 
tion I where maximal beats could be recorded was damped down at 
50-60 mm. The feebler pulse beats in the forearm on the radial artery 
at position III required 70-80 mm. to damp them down. The maximal 
beats on the same radial artery at position I required only 50-60 mm. of 
Hg to damp them down. We see, in fact, that the pulse beat, no matter 
how forcible, can be damped down by a pressure 70 mm. of Hg or so below 
nonaal blood pressure. 

It might be argued that the low blood-pressure readings ol^nined in thia 
experiment represent the actual blood pressure in the radial artery, that 
there has been a fall of head of pressure as the blood flows into tire ischtemic 
limb. It is not probable that the head of blood pressure would fall greatly, 
because the blood flows through the narrow arterioles and still narrower 
capillary bed. No matter whetlter the arterioles and capillary bed are fall 
or empty, the resistance to the blood stream remains in the friction of the 
vessel walls. But blocking the radial artery below the point of measurement 
effectively removes the election that there is a fall of head of pressure. 
It might be argued that tlm fall of pressure oontinues down the ulnar artery. 
But by blocking the radial artery one converts the radial artery into a side 
tube measuring lateral pressure from the brachial at the elbow, and the 
lateral pressure of the brachial artery at the elbow would not fall Fazid»r, 
one can block both radial and ulnar arteries, and the pressure readiogB taken 
from the forearm of the isebannio limb show the same progressive rise. We 
conclude that on suddenly lowering the pressure in the armlet the blood 
pressure rapidly becomes normal, and the low blood-pressure readii^ as 
measured by the disappearance of the pulse, are false, both in the isehsemio 
limb and in the cold ischsernio limb. 

The explanation of these low blood-pr^uie readings lies in diminished 
resonance of the empty tissues. mass of tissue below the bag is aotr 
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tease with blood and does not vibrate strongly with Idle pulse, consequently 
the sphygmometer bag acts as a damper. The rise of the pulse to maximal 
is aided by the resonance of the tissues. But whether the pulse beat is 
maximal or not it is bound to suffer damping down so long as the resonance 
of the surrounding tissues is feeble. 

It will be noted that the blood pressure in the cold isohjemic limb returns 
much more slowly to normal than in the warm isohtemic limb. Here the 
arterioles of the limb are contracted ; consequently the blood takes longer 
to peiwlate into the isclifomic tissues, the drum-head takes longer to tighten 
up, and the resonating effect consequently longer to develop. After dilatation 
haa been produced in the vessels of a limb, repeatedly made ischaemic, it is 
less easy to obtain the staircase effect. The bandaging has then to be done 
very tightly ; on letting go the brachial artery the blood rushes in swiftly, 
the skin blushes, and the maxima beat quickly returns. 

Many years ago Hiirthle(5) noted that the diastolic pressures taken simul- 
taneously with a manometer at the femoral artery and at the carotid artery 
were nearly similar, while the systolic pressure at the femoral exceeded that 
of the carotid by roughly 68 mm. of Hg. Dawson (6) corroborates this state- 
ment, working with the maximum and minimum manometer, but points out 
the diastolic pressure in the femoral is always slightly lower than the 
diastollG in the carotid. 

We would advance the explanation of the higher systolic and lower 
diastolic readings in terms of the resonance theory. The abdomen 
functionates as a resonator of the pulse, because each organ in it^ — liver, 
spleen, kidney, intestines, etc. — are all pulsating and the cavity is a closed 
one. Descent of the diaphragm is compensated for by an outward move- 
ment of the abdominal wall. The abdominal wall is an elastic structure. 
Consequently the systolic pulse in the aorta and great vessels is surrounded 
by more or less synchronous pulsations, which, like the well adjusted tap on 
the moving pendulum, augment its swing. 

In the case of the higher blood-pressure readings in the leg arteries, com- 
pared to the ann readings found by Hill, Flack, Holtzman and Rowlands(l) in 
cases of aortic disease, we believe title same resonating effect of the abdominal 
cavity is at work, together with the better conduction of the pulse wave 
down the tighter abdominal and leg arteries. 

It was suggested by one of us <L. Hill) in ‘Further Advances in 
Physiology ’ (7), that the kidney functionated largely throng the mechanism 
of the arterial pulse. In the case b£ the kidney the blood in the caplUaiy 
network, the tissue lymph, and the urine in the tubules are all at one and 

oapillary-venous pressure. The whole kidney is 
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expanded by each arterial pulse, and drops of urine may be squeezed thereby 
into the pelvis from the mouths of the tubules/^ Recent ^work by 
E. Av Ge8ell(8) has shown that the excretion of the urine, the chlorides, urea 
and nitrogen is dependent on the arterial pulse. It is to enable the pulse 
to be driven to the capillary areas in the kidney or other organ that the 
mechanism of a resonation of the tissues is called for. Without some such 
mechanisni the pulse would be inevitably damped down, especially during 
the varying abdominal pressures found with deep inspiration, forced expira- 
tion, defcecation, etc. 

Further, we would advance the view that by abdominal resonance the 
pulse wave is assisted to the moat distont |>eriph©ral I'egions of the body. 
The aortic pulse finds its way to the tips of the fingers in aortic disease and 
to the toes. The longer path is comimsated for by abdominal resonance, 

Eesonation of the tissues must be held to play an important part in the 
transmission of the pulse, and thereby to save the work of the heart. The 
work of the heart we know is largely conserved by the elastic recoil of the 
arteries. But this elastic recoil of the arteries is aided by the resonance of 
the tissues. Every artery is in intimate relationship with its immediate 
neighbour. The pulse of one individual artery is aided by the pulses of the 
other arteries. The vigour of the circulation depends on the tone of the 
tissues, on the tautness of skin and muscle, and particularly of the abdominal 
wall. The hardened body of the trained athlete swings in full resonance 
with the < pulse of his heart; the soft, flabby, ill-conditioned body of the 
^ sedentary worker offers a poor slack drum for his heart to thump. 
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On a Method of Studying Transpira tion. 

By Sir Fiuncis Dahwin* F.E.S* 

(Received October 22, — Read December 4, 1913.) 

Transpiration is, jHn-haps, more directly under the role of external physical 
conditions than any other physiological function. Yet proofs of this 
conclusion are wanting, at any rate in regard to the transpiration of leaves. 

Thus, as far as I know, we have no complete experimental determination 
of the relation between the loss of water-vapour from leaves and the relative 
humidity of the air. Nor again have we any cc»raplete evidence as to the 
effect on transpiration of variation in the illumination to which the leaf is 
subjected. 

These lacuu® in our knowledge depend on tlie fact that in leaves, tran- 
spiration is largely dependent on the behaviour of the stomata, teing 
relatively large when they are wide open, and diminishing as they close. 
And siiKJo the aperture of the stomata depends on external condition, it is 
clear that no distinction can be made between the diminution in evaporation 
resulting from increased relative humidity of the air, and the diminution 
in tlie transpiration-rate due to stomatal closure. In fact it is impossible to 
learn anything accurately concerning transpiration until the drying aperture 
of the stoma is excluded from the problem. This might possibly be done by 
estimating the transpiration of leaves of aqxxatic plants in which the stomata 
vary but slightly in aperture ; but the experiment would not be easily made 
in a trustworthy form. 

The method I have actually employed is to block the stomata with a fatty 
substance and then to place the intercellular spaces of the leaves in com- 
munioation with the external air by means of incisions. 

Most of the experiments were made on laurel (P. laurocerasus). The lower 
surface of the leaf was smeared with melted cocoa-butter or with vaseline 
rubbed in with the finger, and four to six cuts were made with scissors or a 
razor, reaching from the periphery to the midrib Ijetween the large veins. 
Other plans were also tried, e.g, pricking the leaf with a needle or making 
numerous small incisions by stabbing with a scalpelf 

The method is similar to that of Stably who showed that greased leaves 
pierced witii holes assimilate and form starch in the tissues surrounding 

^ CJocoa butter in the eoi'Uer experiments, vaseline in all the later ones, 

t The method was described in a paper read at Section K of the Sheffield meeting of 
the AwaocU^ 1910 (title alone published). 

I * Both ZeiV 1^®^’ 
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the wouuda, whereas greased leaves without such artificial stomata formed 
none or hardly any. 

It may be objected that the stomata are not completely or uniformly 
closed by greasing, that some remain open, and that it is to the opening and 
closing of these in light and darkness that the rise and fall oC the transpire* 
tion of the incised leaves is due. I find it difficult to believe that the 
general objection here discussed is sound, because experiments with the 
porometer* have convinced me that even a careless application of vaseline 
a.l)solutely closes the stomata. It may be urged that in Exi)erimeiit LO 2 
<p, 271) the effect of grease is only to reduce transpiration from 379 to 
10‘9, ie., from 100 to 2*88, It must be remembered, however, that fatty 
substances are not impermeable to water, and that at any rate part of the 
2*88 per cent, must be due to cuticular transpiration. 

Another source of error should be guarded against. Mr. Blackmenf has 
shown that a process of healing occurs in wounded laurel leaves. Tlie 
beginning of the process is, however, marked by the edges of the wounds 
becoming translucent. As soon as this occurs the specimeu should be dis* 
carded or fresh incisions made. 

The following experiment, L02, October 2, 1912, gives an idea of the 
effect of greasing and slitting. It seems clear that the result is com* 
parable (as far as magnitude is concerned) with normal stoma tal transpira* 
tion : — 

Experiment LO 2. October 2, 1912. R laurocercum. 

A laurel branch cut under water with 10 leaves (one being small) having 
a stoma-bearing area of 600 cm.^. 

Pitted to a potometer (diameter of tube 0*95 mm,). At a north window, 
where the temperature during the observations varied between 13*6^ and 
15*2° C. and the relative humidity between 59 and 69 per cent In the 
following abbreviated record of the experiment the potometer readings 
are corrected for differences in relative humidity. 


A.K. 

Tra^^iration. 

11.10 

439$ 

27 

427 

63 

379 

p.it. 



12.18 Knished vaselining leaves on both surfaces* 

* Sea F. Darwin and D, F. M, Perte, ‘Boy. Soc. Proa,* 1911, B, vol. 84, p, 137, for a 
description of the porometw. 

t F. Blackman and G. ‘ Aimak 1901, 

I The figure 439 k obtained from tbe nuiD^r ef (via, in 

•oolnmn of water in the potometer tube travels 1 om.^ which tiisisiM the 4^^ 
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P.U. 

12.20 

34 

43 

59 

4.36 

Oct. 3— 


Tranapiration. 

286 

64-7 

Surface of branch vaselined. 
47-3 
18-1 


A.M. 

10.23 Freeh eurface cut to btauoh. 

11.21 10-9 

32 Four incisions made per leaf, i.e. two on each side of midrib. 
36 94*3 


P.M. 

12.5 One more slit per side. 

7 196 

12 One more slit, making four per side 
44 255 

Oct. 4 — 

A.M. 

10.11 Fresh eurface out to branch. 

11.5 234 


It will be seen that the coating of vaseline on the leaves and surface of 
the branch does not completely check transpiration. Thus, as above 
mentioned, on the second day (October 3), when the original negative 
pressure must have disappeared, transpiration had only lieen reduced from 
379 to lO'O or from 100 to 2'88. This fact is in the present instance of 
little importance, as my object is to illustrate the effect of inoisionB on 
the transpiration rate. 

It is obvious (i) that when the lainiae is cut into strips the transpiration 
rises with great rapidity; (ii) that although in this instance it does not 
obtain the rate of transpiration observed when the stomata were open, the 
two are comparable for practical purposes. 

In the case of these slit leaves it is of some interest to know the amount 
of connection between the external air and the intercellular spaces. This 
was estimated from the observations on the laurel twig (Experiment LO 2) 
just described. Each leaf had eight incisions (four per side), varying in 

OWOS 0 . 0 . The figure 439 ia the reciprocal of 82*8 multiplied by 10,000. To convert 
tiw number 438 into cubic centimetre it is only neoeaeary to multiply it by S‘6ft mm.* 
Whm gives the rate, in this case 1*13 o.a per hour per 000 mn.* or 18*7 c.c. per square 
metre of stema-bearing area. 

TOb. UCXXVtt— B. 


z 



272 


Sir Darwin* 


length from about 26 to 40 mm. The «um of the lengths of the incisions 
SK 2437 mm. Tlie thickness of the leaves was taken as 0*38 mm., and since 
each incision exposf^s two leaf -sections to the air, the total area of section 
exposed by the experiment is 

2 X 2437 mm. x 0*38 mm. = 1852 mm.^ = 18'52 cm*. 

The stoma-bearing area of the 10 leaves, omitting the mid-ribs, was 
600 cm.*, so that the amount of surface exposed by incision is 18*62 per 
600 or 3*09 per cent, Unger* gives for P, lauTourasfus the intercellular 
spaces as 21*9, say, 22 per centf of the volunm of the leaf. Therefore of the 
transverse section exposed by incision only 22 per cent is intercellular space. 
We may therefore say that in a laurel leaf having four incisions on each 
half of the lamina the transpiratory apertures connecting the intercellular 
spaces with outer air are 22 x 3*09/100 or 0*68 par cent of the area of the 
leaf. Since these correspond in function to stomata it is worth while 
comparing thorn with actual stomata, 

A rough calculation gave the area of the laurel stomata as 0*88 per cent of 
that of the leaf. The transpiring area of the slit leaves is, therefore, much 
the same as that of the stomatal apertures under ordinary conditions. 

The Effect of Cham^ee in the Humidity of the Air, 

The method of incision has been used in studying the effects, on transpira- 
tion, of variations in the relative humidity of the air ; and this has led to a 
rough plan for reducing traiispirations at varying humidities to a common 
standard. The method of producing a damp atmosphere was a simple one. 
At first the plant was covered with a large bell-jar resting on a ground- 
glass plate, and so arranged that a current of air, dry or moist, could be 
drawn through it. But finally I came to the conclusion that a simpler 
method was preferable, namely, to change the relative humidity by raising 
or lowering the bell-jar ; in this way — ^assuming that the laboratory air is 
fairly dry — it is easy to change the relative humidity from 60 per cent, 
to 95 per cent., which is sufficient for my purpose.^ The wet and dry 

* ‘ SiUl). K. Akad. Wien,* 1854, vol, 12, p, 367. 

t Microscopic examination of a tranaverse section led me to estimate the air epaoea aa 
roughly 25 per cent. 

t It is unfortunate that these observations, with the exception of Experiment 6, were 
not made in darkness or in constant light. The experiments which are most likely to be 
vitiated by this fault are Noa. 3, 4, and 7. Experiment 4 might be expected to give an 
especially bad result from the effect of dull light at the end of the experiment. But the 
diagram, fig. 4, shows rather striking uniformity in the relation between transpiration 
and humidity of air. In Experiment 3 the diagram ia not vejy aatiafactory in any caee, 
but omission of the last two readings (the ones under suspioian) would not alter the 
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bulb thermometers wore in the upper part of the jar, while the branch 
had leaves in both lower and upper regions. I did not find this to be a 
seriouB source of error, and it is one which might be avoided by fitting 
an apparatus by which the air in the bell jar could be stirred and thoroi:^hly 
mixed, as indeed was done in some of the later experiments. 

Tlie rate of transpiration was estimated by a potometer, not one of the 
type formerly used by me * in which an air bubble is timed as it passes 
rapidly along a narrow capillary tube, but one in which the free end of 
the water-column is timed with a stop-watch as it passes along a horizontal 
tube of about a millimetre internal diameter.f It is, in fact, like Kohrs 
potometer, or that figured in Pfeffer^ ‘ Pliysiology,' though the method of 
bringing the column back to zero is not identical with either. I have 
not thought it necessary to give the actual quantities of water absorbed 
by the plant per hour, but merely a series of numbers proportional to the 
rate of absorption. 

In all experiments (except No. 8) the plants were placed close to the north 
windows of the laboratory; the action of the stomata was in all cases 
excluded by a coating of grease, transpiration taking place only by incisions, 
as above described. 

In the following tables T means temperature, ^ stands for relative 
humidity : — 

Experiment 1. — November 6, 1909. 1\ lamrot^rasiis. Fig. 1. Cut branch in 

potometer. 


Time. 

Period. 

Bate. 

T. 

*■ 




"0. 

per cent. 

10.18 A.U. 

i 

86 

13*8 

74 i 

10.39 „ 

ii 

88 

18-6 

74 

10.49 „ 

iii 

86 

18*6 

74 


BeU-jar over plant. 



11.16 

iv 

16 

14*2 

91 

11.28 „ 

v 

20 

J4*7 

02 

11.87 „ 

vi 

14 

16 *0 1 

93 

11.61 M 

vii 

17 

I 16 *2 

94 


transpiration curve. Experiment 7, in which the lost reading was taken at aunset, gives, 
neverthalesB, a good straight diagonal, as seen in hg. 7. A number of experiments were 
made (like Experiment 8) in the dark room. I cannot see that they differ as a whole 
from those illustrated in the present paper. 

♦ F. Darwin and B. Phillips, ‘ Oamb. Phil. Soc.,* 1886, vol. 5 ; see also F. Darwin and 
Aetott, ‘ Physiology of Plants,* 1001, 8rd Edik, p. 70. 

+ Iw all the later experiments the diameter was either 0*95 mm* or 1‘1 mm. 

X 2 
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In the figures the ordinates represent transpiration rates, while the relative 
humidity is given on the horizontal axis. Thus if transpiration varies 
directly as the relative humidity, the diagram should give a straight 
lino. The fact that the diagonal does not pass through the intersection of 
the axes will be discussed later. 


Experiment 2. — November 8, 1909. P. lauroceratm. Fig. 2. 


Time. 


Period. 


Bate. 


11.48 A.M. 

12.8 VM, 

12.24 „ 
12.85 ,, 
12.44 
2.7 „ 


t 1 66 

ii I 60 

Ball-jar over plaoi;. 

ill 35 

iv 82 

V 27 

vi 17 




It will be seen that the dots representing transpiration for various values 
of are by no means in a straight line. This I take to be " lag," that 
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is to say, a relatively slow response to the change in the humidi^ of the 
air (■^), When the air is drying instead of becoming damper the " lag " is of 
the opposite character, as seen in fig. 6. 


Experiment 3. — November 16, 1909. P. lawrocerasus. Rg. 3. 


IHine. 


11.80 

12.6 

12.12 

12.19 

12.44 

2.64 

8.19 

8.28 

8.44 

3.66 

8.66 

4.10 




j 

} 


Veriud. { Riite. 


T. 


I 67 'O 


B«U OTei* plant. 

ii 


iu 


60*0 

23-5 


16 '4 

16 4 
16 '4 


Water poured on floor of bell. 

V i 18-0 I 16-5 

Ti I 11 0 I 15 -4 




per cent, 
54 

60 

88 

94 

94 



Experiment 4.> — January 1, 1910. P. laurocerasua. Fig. 4. 


Time. 

• Period. 

Bate. 

T. 





“0. 

oent. 

12.86 p.M. 

i 

42 ’7 

14*4 

58 

12.51 „ 

Bell- jar on. 



12.69 ,, 

ii 

87-9 

14 *0 

68 

2.80 „ 

iii 

88 -8 

14*2 

61 

8.12 „ 

iv 

807 

14*7 

68 

8.22 „ 

T 

26*8 

14*8 

72 

8.85 „ 

▼i 

22 *6 

14-7 

77 

8.47 „ 

Yii 

19*2 

14*7 

81 

4.4 „ 

▼iii 

16 *1 

14*9 

80 
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Fiq. 4 (Experiment 4), 


Experiment 6. — .January 3, 1010. P, laurooertmcs. Fig. 6. 


I Time. 

i 

Period. 

Kate. 

T. 


^ 10.»« A.M, 



" C. 

per cent. 


i 

39*4 

16 *3 

61 

1 10,67 „ 

it 

29 *6 

16 ’8 

72 

n.52 „ 

ui 

28 -1 

16 '0 

74 

1 12.19 p.m. ! 

iv 

22 ‘3 

10 *4 

78 j 

1 12.37 „ 

y 

21*8 

16-4 

82 

1 12.46 „ 

vi 

17*2 

16*4 

87 1 

i 1.38 „ 

vii 

16 5 1 

16 0 

86 ! 

j 1.40 „ 

viii 1 

14 *3 1 

16 *1 

89 

1.64 „ 

ix 1 

10*6 I 

16*1 

91 



] >\iTing the above observations the bell-jar had been gradually lowered, 
the supports replaced by smaller ones until only a crack, 1 or 2 mm. in height, 
remained. The l)ell was now (1.57) raised to 7 mm. and a current of air 
drawn through. The supports were gradually increased in height and finally 
(8.20) the bell was removed altogether. 
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Experiment 6 (= 5 continued). — Fig. 6. 


Time. 

Period. 

Bato. 

T. 

4'. * 

1.54 p.M. 

i 

10*6 

10*1 

per cent. 

94 

2.24 

ii 

20*8 

16 *3 

78 

2.89 „ 

iii 1 

24*7 

16*3 

72 

8,0 „ 

iv 

80 8 1 

16*6 

60 

3.17 „ 

V 

84*6 

16*2 

07 

8.29 „ 

i TI 

41*7 

17 '0 1 

59 

8.88 „ i 

1 

48 *6 i 

17*0 I 

1 

1 68 

[ 



In Experiment 6 the air k drying instead of l)ecomtng damper^ and the 
“ lag ” is of an opposite character to that in tig. 2. 

Experiment 7. — November 15, 1909. P, Itmrocerasns, Fig, 7. 


Time. 

Period. 

Bate. 

T, 





"0. 

per cent. 

11.80 A.M. 1 
12.0 pw. / 

i 

67-0 

15 *4 

54 

12.12 P.H. 

Bell on. 



! 

18.19 „ ; 

18.44 / 

ii 

50*0 

16-4 

60 

8.64 „ 1 
8.19 „ f 

iii 

23*6 

16-4 

8$ 

8.28 „ 

Water on floor of bell. 



1.44 « 1 

1.66 „ / 

iv 

13 *0 

16-6 

94 

8.86 „ 1 

4.10 „ f 

V 

11 -0 

16-4 

94 

Bell remoTod. 



6.14 „ \ 

6.86 „ J 

Ti 

64^ 

16 '9 

50 


* The T*lue of thie obeemfcion U doubtful; it is marked with a x in fig. 7 and omitted 
drawing the diagonal. 




278 


Sir F. Darwin. 



Flo. 7 (Experiment 7). 


Experiment 8. — April 22, 1912. P. lauroeerams. Fig. 8. Apparatus fitted 

up in the Dark Boom. 


Time, 

Period. 

Bate. 

T. 





"0. 

per cent. 

10.45 A.lf. 

i 

22 4 

17-8 

60 

to 11,30 „ 


(aTUraffc) 



11.88 „ 

11.66 „ 

Bell jw over 
ii 

plant leui^rted on blocks 26 mm. high. 

1 16*1 1 17 ’8 1 74 

12.8 „ 

Blocks reduced to 2 mm. 



12.14 p.nr. 

tti 

12*7 

18-0 

77 

12.84 „ 

ir 

10-7 

18 *0 

84 

12,82 „ 

V 

8*0 

18 *1 

88 

12,87 „ 

vi 

7-8 

18 *1 

88 

12.44 „ 

yii 

6-5 

18 *1 

01 

12M 

riii 

6*8 

18 *2 

08 

12.59 „ 

ix 

6*0 

18*2 

94 

2.16 „ 

X 

8*6 

18 *2 

07 

2.29 „ 

xi 

8*3 

18 2 

98 



The general characteristics of the illustrations above given are ' " 

(1) The points which represent the transpiration for different degieee of 
relative htimidity are roughly in a straight line — ^from which it follows that 
a definite relation of some sort exists between transpiration and relative 
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humidity. This oonclumon, which is a physical necessity, does not seem to 
have been definitely proved or represented diagrammatically. 

In some cases {e.g. figs. 2 and 6) the line of dots {i.e. the transpiration 
curve) is not straight — the change in rate of transpiration lags behind the 
change in — for reasons not yet clear. 

(2) The second characteristic of the diagrams is that the diagonal does 
not pass through the point of intersection of the axes — or, in other words, 
transpiration is not zero in saturated air. I have not hitherto seen this 
graphically represented as the result of experiment, although it might have 
been foretold. The fact that transpiration occurs in saturated air, and that 
it is due to the production of heat in plant-respii'ation was first made clear 
by Sachs*, who proposed that the fact should be utilised as a means of 
measuring the Eigen warme of plaiitat We shall see later that the 
diagram (fig. 9) may perhaps be applied to the same end. The position of 



the point G varies in different oasos. In the earlier experiments, I estimated 
AG = 7, but I now consider 5 a more reasonable average. The construction 
here given has been used throughout my work for the rough reduction of 
transpiration-rates to a common degree of relative humidity. Thus, 
supposing that in fig, 9 the transpiration-rates DC and EB have been 
obtained under different conditions of illumination, it is clear that we 
cannot estimate the effect of such conditions until the amounts have been 
corrected for the differences in relative humidity. 

* ‘ Slteb. K. Akad. Wien/ 1667, rol. 26, p 326. 

t See Sacbe, * Miyaiologie Exp6rimentale/ 1868, p 249 (the French tranelation of his 
hook cm plant physiology). 
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Now 

EB BG 


DC = —xEB. 

Bvjr 


DC 


105-70 

105-80 


eb = ||eb. 


We will BuppoKe that in an experiment on the effect of illumination we 
find the transpiration-rate in the light (relative humidity 70 i)er cent.) to 
l)e 120 ; while the rate in the dark (humidity 80 i)er cent.) is 76. We must 
multiply 75 by 35/26. The product 105 is the transpiration in the dark 
room (humidity 80 per cent.) reduced to humidity 70 per cent., and there- 
fore now comparable with transpiration in the light, Le, 120. Thus 
Transpiration in light _ 120 _ 114 
Transpiration in dark 105 100* 

Sir Joseph Larmor has been good enough to x^oint out to me that it is 
X)oa8ible to get a rough idea of the temxMsrature of the leaf at full saturation, 
ix, of the leaf temx^erature which in fig. 9 produces the amount of transpira- 
tion (or wliat may be i>^rhai>fl called distillation) ecjual to AF. The oblique 
line, or curve of transpiration, cuts the horizontal at 105, ix, at 5 x^er cent, 
above saturation, The figure shows that, in supersaturated air, ix. 6 
cent, above saturation, transpiration is nil. The hypothetical degree of 
sux>eraaturation should be a measure of the transpiration AF at the satura- 
tion point, and tlierefore of the internal tenq^^rature wiiich can distil off 
water in saturated air. Assuming^ the temperature of tlie air to be 16® C., 
the vapour pressure would be 13*61. If we add 5 per cent, to this we get 
14*2, which is the vajKiur x^ressure oorresx>onding to 16*8°, or 0*8° C. above 
the temx)erature of the air, Tliere seems no improbability in leaf-respiration 
producing, under the conditions of the experiment, a temperature of roughly 
1° C. above that of the atmosphere* In my earlier exx>eriments I concluded 
that the transpiration curve DEFG cut the horizontal at 107. This would 
have given a temx)erature 1*1° C. above that of the air, instead of 0*8° C. 

Tt should be noted that the distance AF, ix. the amount of transxiiration in 
saturated air, will depend on the general temperature, since respiration is 
gieatly influenced by temperature. We have some evidence on this j)oint, 
but the exx)erimeut needs careful rex>etition. 

It is remarkable that, as far as I know, the method here usetl for x>lotting 
the relation between transpiration and relative humidity has not been 
employed. If Ije Clercf had treated his results in this way, he might, 
l>erhaps, have obtained a result like mina 


1 cannot conclude witliout oxx^ressing my indebtedness to Miss D. F. Pertz 
for much kind help in the laboratory. 

* The figure is a diagram not taken from any one experiment 
t Le Clevc, * Ann. Sci. Nat.,’ 1883, vol. 16. 
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The Effect of Light on the Transpiration of Leaves,^ 

By Sir Francis Darwin, F.KS. 

(Received October 22, — Read December 4, 1913.) 

The method employed is eesentially that described in my pa|)ert “ On a 
Method of Studying Transpiration/' where it was applied to the investigation 
of the relation between the relative humidity of the air and the loss of water 
by leaves. The stomata of the plants used were closed by vaseline or coooadat 
nibbed in, and the leaves were then incised t^) allow of transpiration. Ifo 
attempt was made to subject the plants to light of known intensity. My 
object was to compare the transpiration occurring in a dark room with tlmt 
in a north light at a laboratory window. Tlie rates of transpiration were 
estimated either by weighing or by means of a potometer, and the general 
plan was to subject the plant to alternate liglit and dark periods of something 
like an hour.J The psychrometric condition of the laboratory air and that of 
the dark room was estimated by the wet and dry bulb thermometer, and the 
transpiration rates corrected for any differences, in the manner described in 
the paper above referred to. 

The first experiment was made by a plan which has some merits, but was 
afterwards replaced by the simpler method of moving the apparatus from the 
window to dark room and back again to the light. 

Experiment 1. — December 9, 1909. P, laurocerasm. 

Branch fitted to potometer December s and the lower surfaces of the leaves 
greased; leaves cut about 10 A.M., December 9. 

Placed under a belUjar through which a current of laboratory air is drawn 

* It i« not OAsy to find any recorded expoiiments on the ti’anapiiation of leaves in 
light and darkness, in which the action of the stomata is absolutely exoiuded. In 
Bonnier and Mangin’a experiments on the transpiration of fungi this is Ipao facto the 
case (see ‘ Ann. Sc. Nat.,’ 1884, vol. 17, p, 298), The average of the experimewU on 
Traimtu is L/D » 1 19/100. For Polyporus vcrnwolof the corresponding 

fraction is 127/100. The symbol L/D stands ion the relation between the transpiration 
in light and darkness. 

, + * Roy. 8oc. Proc.,’ this vol., p. 209. 

I A few weighing experiments were, however, made on the effect of the natural 
darkening occurring at night. The average of eight experiments gave the proportion 
between transpiration in the day (L) and in the evening (D), as L/D - 129/100. 
Four experiments made with the potometer under similar conditions gave 
day (L)/evening (P) « 112/100, This subject, including the effect of continuous dark- 
ness, requires fresh investigation. 
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to keep the relative humidity as constant as possible. The rates of trans- 
piration are given as corrected. North light. 


Time. 

BaU corrected. 

T. 




“0. 

per cent. 

10.42 A.V. 

24*8 

14 ‘2 

65 

10.54 „ 

24 ‘7 

14*2 

64 

11.6 „ / 

OoTcred bell-jar with a black bag. | 

11.21 ;; 

27 •! 

14 -6 

62 

12.5 P.H. 

22 <1 

14^6 

08 

X 2 .ao „ 

Light : cloth bag remored. 

i 

12.41 „ 

24*9 

16 *2 

62 

3.46 „ 

25 *B 

15 *7 

68 

3.10 „ 

28*0 

16 -7 

68 

8.27 „ 

Dark : cloth bag replaced. 


8.48 

28-0 

16 *9 

63 

367 „ 

25 *4 

16 *8 

63 

4.11 

26 *0 

““ 

j 


Bmdt. — The fall in transpiration-rate between 11.21 A.M. and 12.5 P.M. is 
27'1 to 221 or 123/100. The rise in the next period is from 221 to 28-0 or 
100/127 ; the diminution in the final dark period is 108/100. The average 
proportion between the transpiration in light and darkness (L/D) is 
119/100. 

Experiment 2. — ^Aprii 11, 1911. P. lauroemma. 

Potometer: T 16’0-16‘2° C. V'' ^6-66 per cent. Transpiration corrected. 


Time, 

Rato. 

Time. 

Kate. 

11.17 A.*. 

164 

11.66 A.M. 

107 

11.88 „ 

140 

11.58 „ 

108 

11.87 „ ! 

122 

12.18 p.K. 

108 

11.41 „ ; 

116 

12.28 ,, 

95 

1 

In dark room. 

4.10 .„ 

109 

11.46 „ 1 

116 

4.12 „ 

110 


Transpiration was falling (in the light) from 11.17 to 11,41 ; the effect of 
darkness was to diminish rather than to increase the rate of fall. The total 
change in the dark is a fall from T15 to 110, or L/D » 106/100. 
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Experiment 3. — April 19, 1911. P. lamweramt. 

Potometer ; leaves slit at 10.65 a.m. T 16‘1-17'0° C. 50-62 per cent. 
Transpiration corrected. 


Time. 

Bate. 

Time. 

Kate. 

X1.22 AiM. 

159 

11.55 A.M. 

186 

X1.8d „ 

X49 

12.8 i*.M. 

168 

X1.46 „ 

158 

8.8 ,, 

187 

1 11.60 „ 

i 

In dark room 


181 

i 


The transpiration had been steady for some time before the plant was 
placed in the dark room. The only clear effect was a me in transpiration- 
rate from 163 to 181, or L/D = 100/118. 

Exiieriment 4. — April 20, 1911. P. laurocerasus. 

Potometer ; leaves greased and slit 10.30 A.M. T 15‘0-16-6° C. 44-47 per 
cent. 


Time. 

Bate. 

Time. 

Bate. 

10.40 A.M. 

767 

12.2 l>.M. 

797 

11.0 „ 

814 

12.48 „ 

610 


Dark room. 

12.46 „ 

Licht. 

11.4 „ 

602 

12.48 „ 

498 

11.24 „ : 

897 

13.66 „ 

660 

11.61 „ 

816 

3.30 

559 


In this experiment the effect of the dark room is doubtful, as the rate was 
not steaily before darkness. If we assume that the fall in rate was due to 
darkness, we have the big effect of fall from 902 to 493 or 183/100. The 
subsequent rise in the light is from 493 to 669 or D/L = 100/113. 

The average of the light and dark effects is L/D = 148/100. 

Experiment 5. — April 22, 1911. P. lawrocerams. 

Potometer : leaves greased and slit 10.31 a.m. T 19‘6-21T® C. ^ 41- 
62 per cent. 


Time. 

Kate. 

Time. 

■■ 

Bate. 

10.47 A.M. 

210 

11.64 A.M. 

187 

10.60 „ 

288 

12.6 r.M. 

162 

10*62 

208 

13.18 „ 

164 

10.68 „ 

218 

12.31 „ 

162 

ll.O „ 

In dark worn 

12.82 „ 

171 

11.21 „ 

197 

12.80 „ 

174 

11.47 M 

11.48 „ 

176 

laUght 

12.60 „ 

174 
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Transpiration was approximately steady before darkening and fell from 218 
to 176, or from 121 to 100, during actual darkness ; or, if we include the 
reading taken at 11.54, it fell from 213 to 157, or from 136 to 100. 

There is the same doubt about the eObot of subsequent illumination. If 
we compare the end of the dark period with the last reading taken in the 
light the effect is nil. If we compare reading at the beginning of the light 
(167) with that at the end (174) we get a rise of 100 to 111. 

On the whole it is fairest to take the darkening effect as l36 : 100, the light 
as 100 : 111. TTie average of the light and dark effects is L/D = 124/100. 


Experiment 6. — November 15-16, 1911. P. lauroceraam. Potoraeter. 


Time. 

Rato. 

Time. 

Elite. 

Nov. 16. 


11.30 A.M. 

Liglifc — at ea»t window 

10.26 A.K. 

Loavoa slit. 

11.40 „ 

146 

11.18 „ 

In dark room. 

11.64 ,, 

134 

Nov. 10. ; 

>> u 

12.1 r.M. 

187 

10,17 A. If. 

Out freffh surface to brancli. 

12.26 „ 

J4S 

10.64 

119 

12.40 „ 

143 

11.10 „ 

120 

12.50 „ 

162 

11.27 

126 

12.57 „ 

163 


The effect of light may be taken as increasing the rate from 126 to 158 
(the average of last two readings), or L/D = 126/100. 


Experiment 7. — Novemlwr 17, 1911. P. laurocerama. Potometer, 


Time. 

Bate. 

Time. 

Bote. 

10.16 A.M, 

Leayes out. 

11.16 A.M. 

In dark room. 

10.18 „ 

192 

11.28 „ 

817 

10.84 „ 

816 

11.40 „ 

292 

10.80 „ 

826 

12.0 HOOK 

294 

10.60 „ 

800 

12.87 P.lf. 

278 

11.12 „ 

880 

12.88 „ 

286 

11,16 

803 

12.66 „ 

278 


Shortly before the period of darkness the rate may be taken as s 320 
(average of last two readings), at the end of the dark period it is 280 
(average as above); this gives a diminution in transpiration equal 114 to 100, 
or L/I) = 114/100. 

The result of the above series is' given in the following table ; L— ^D means 
that darkness followed light, D— *L indicating the opposite. The last column 
gives the effect as a percentage. Where, as on April 20 and April 22, there 
is a L-'D as well as a D— effect, the average is given 
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Eipenment. 

Date. 


Effect of light or of 
dark, 



1 

Dfto. 9,1900 ... 

L — 1) 

123 — 

100 





D — li 

100—. 

127 

i 19 jwr cent. 



L — D 

108 

100, 

! 


2 

Apr. n, ion ... 

L — D 

106 : 

lOO 

5 


3 

„ 19, 19U ... 

L--D 

100 : 

100 

0 


4 

„ 20,1911 

L-^1) 

183 : 

100' 

1^48 




! 1) L 

100 : 

113 

n 

6 ' 1 

„ 22, 1911 ... 

L ™-I> 

ISO : 

100 

.23 




D-^L 

300 : 

110 j 


e 

Nor. 16, 1911 ... 


100 : 

126 

26 


1 ^ 1 

„ 17,1911 ... 

h — 1) 

114 : 

100 

14 


i ' 

1 

i 

Averapo ... 

.. 1./I) - 119/1(X). 





In Borne cases transpiration is but slightly affected by (larkness, as in the 
ollowing experiments. 

The material was supplied by small branches of laurel (P. l(mro€€Tas:m\ 
having, as a rule, four leaves, vaselined and cut (four incisions leaf) in 
the usual way. A branch was fitted to a simple form of potometer consisting 
of a pipette graduated to 0 01 c.c. The i)ipette was fixed vertically and the 
branch attached to the lower end by rubber tube ; as the plant absorbs 
water the descent of the meniscus is read with a lens, by which means 
errors of parallax are fairly well avoided. 

The experiments were made alternately in a dark room and at the north or 
east window of the laboratory.* Eeadings were generally continued for an 
hour before tlxe change from light to darkness, or vice versA, was made. The 
results, i.e. the amounts of water absorbed per hour in light and darkness 
were corrected for psychometric differences. The dates of the experiments 
summarised below were April 21, 22, 23, 28, 29, May 2, 3, 1913. 

The results were somewhat irregular and are therefore given in the form of 
an average. A single experiment is, however, given in detail. 


In a few cases in a dark room which could be illuminated by opening the shutter. 
The room was to tiae south and care was taken to avoid sanshine. 
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Experiment 8. — April 28, 1913. P. Imroceraam. 

Leaves, five in number, vaselined and cut into strips at 9.40 A.M. Vertical 
potometer, 60 cm. from window of dark room, shutter open. T 16‘2-16'2. 
•vjr 63-65 per cent Transpiration corrected for Dull day. 


Time. 

Beadmg 

Bate* p«r hoar. 


0.0. 

0.0. 

9.61 A.U. 

0-080 


10.0 „ 

0*108 

0 166 

10.16 M 

0*142 

0*162 

10.34 „ 

O-ISK) 

0*161 

10.46 

0-817 

0*147 

10.60 „ 

SHutieri olosod. 

r>ark. 1 

10.50 

0*338 

0 *192 i 

11.0 „ 

0*364 

0*136 

11.16 „ 

0*292 

0 162 1 

11.80 

0*826 

0*18(5 1 

11.46 „ 

0*861 

0 *140 ! 


Shuttora openod. 

Light. 

12.0 NOON 

0*894 

0 182 i 

12.16 P.M. 

i 0*430 

0*144 1 

13.30 „ 

! 0 *468 

0*183 1 

12.46 „ 

0 *497 1 

0 *186 1 

13.46 „ 

Slf uttoTs oiosod. 3 

Dark. 1 

3.30 „ 

0*716 1 

1 0 *126 1 


I have usually estimated the transpiration by taking the average of the 
two last readings in each period, light (L) or Dark (D), as the case may be. 
But in Experiment 8 the first L reading should clearly be the average of 
the last L and the first D reading, %.e. 170. The other averages are D 138, 
L 134, D 125 ; they are included in the general average. 

The results of the above-named eight experiments show considerable 
irregularity and no clear impression is gained by inspeotion. I have therefore 
taken the average of 31 readings from the series, 18 representing transpira- 
tion in light, and 13 in dark. They are as follows : — 


Light. 

Dark. 

Light. 

Dark. 

168 

166 

184 

126 

214 


800 

167 

186 

188 

161 

141 

216 


324 

1 181 

170 

166 

212 

152 

130 

133 

170 

136 

130 


149 


06 

116 

XIO 

100 

170 

i 

188 

104 

1 
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Another series of similar experiments was made by Miss Pertz on 
JP. ImtTocerams, using a Ganong potometer.* 

The following exetmple shows a definite light and dark effect, in spite of a 
good deal of irregularity. The figures are corrected for relative humidity, 
which varies between 56 and 60 per cent., while the temperature lay between 
and C. 


Experiment 9. — May 191:1, 


Time. 

Tmnspiratioli. 

Arerage. 

Time. 

Transpiration. 

Average. | 

i 

10.49 A.v. 

Light. 





150 


12.0 NOtlN 

Light. 


Ill „ 

168 


12.5 P.w. 

167 


11.11 „ 

167 


12.10 „ 

144 


11.2G 

164 1 

170 

12.15 „ 

183 


11.86 „ 

176 / 

12.20 „ 

142 ], 

149 


j Darkness. 


12.86 „ 

156 ; 

11.48 

1 172 





11.60 „ 

180 \ 

188 




11.59 „ 

137 J 





In the third column is given t!\e average of the last two readings in the 
three periods Light, Dark, Light; thus tlie result of the experiment of 
May 3 is L 170, 1) 138, L 149. 

The following table gives the results of the series, May 3 to May 12, 1913^ 
Exi>eiiment8 9 to 15 : — 


Date, 

Expt. 

L. 

D. 

L. 

1913. 

Mar 8 

9 

170 

133 

149 

„ 6 

10 

110 

100 

104 

„ 6 

11 

184 

107 

184 

„ 7 

12 

144 

121 

182 

„ 8 

18 

}18 

109 

108 

„ 10 

U 

70 

65 

67 

„ 18 

15 

77 

60 

67 

Sum 

818 j 

700 j 

766 



- - 


— 

Or as ! 

117 

100 J 

108 

Or taking the average of the two readings, we 

L/D - 118A00 

have — 


* *P}iuit Physiology/ by W. F. Ganong^ 1008. The inutrument is supplied by 
Bauach aad Lomb. 

VOL. UCXXTO.~B. 


Y 
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The following experiments were made in an improvised laboratory having 
a bright north liglit ; but the dark room was not perfect and the plants 
could not be exposed to absolute darkness. The potometer used was of the 
Kohl type, having a horizontal tube 0*95 mm. internal diameter. The march 
of the meniscus was genemlly timed over lialf a centimetre. The meniscus 
is brought back to zero by turning a tap and allowing water to enter, as in 
the instrument designed by Prof. Qanong. 

The rate of transpiration is corrected for (relative hixmidity). 

Experiment 16. — May 7, 1913. P, lawrom^tmis. 

May 6. — Branch, with seven last year’s leaves, gathered at night. 

May 7, 10 a.m. — Finished vaseliniug and making incisions in the leaves. 
Fresh surface made to branch ; apparatus at an east window ; dull morning. 
^|r between 65 and 82 per cent. T 127-16*8^ C. 

For each period, light or dark, the average rate of transpiration is giveti. 


1 Time. 

■ 

Kate. 

j Time, 

Bate. 

1 

Light. 

i 12.18 r.M. 

Bark. 

1 lO.SO A.M. 1 
f 10.40 „ / 

S02 

l.*7 1 

1.61 „ f 

187 

i X0.47 

Bark. 

1.68 „ 

Light. 

11.10 „ 1 
! 11.18 „ / 

229 

i a.i« 1 

2.82 J 

255 

! 11.19 

Light. 

1 6.53 .. 1 

195 

1 11.50 „ 1 

. ia.9 p.K. / 1 

277 

j 

6.66 „ / 

1 

dull light. 


Omitting tlie last reading (as giving the effect of dull light), we have the 
avemge rates ; Light « 278, Dark 208, or L/D = 134/100. 

Experiment 17. — May 12, 1913. P. laurocerasm. 

9.45 A.M. — Cut fresh surface to a branch which had been in water since 
May 10. Dull sky. 80-88 i)er cent. T 12*6-13*8® C, The average rate 
of transinration for the light and dark periods is given as before : — 


Time. 

Kate. 

Time. 

Kate* 


light* 

2*86 P.M* 

Bark. 

10.41 A.H. t 
10.68 „ ; 

X79 

8.66 „ f 

114 

10.87 „ 1 

Bark. 

8.58 

Light, 

11.46 ■)! 
11.64 „ ; 

129 

«.9 .. -1 

«.18 „ / 

129 

11.68 „ ! 

Light. 



1.1 r.u. 1 
2.84 „ ; 

172 

1 
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The average of the three light readings is 160, of the two dark ones 122 • 
or L/D = 160/122 « 131/100. 

If the L reawiing for 6.9-6.13 p.m. is omitted, which is foirer owing to the 
fading of the light, we have L/D = 176/122 = 144/100. 

Experiment 18. — May 14, 1913. P. laurocerasus, 

10.20 A.M. — Branch, lieariiig last year’s leaves, vaselined alid fitted to 
potometer. 

1 1.2 A.M. — Incisions made in leaves. North window, fair light. ^ 71—78 per 
oent. T 15-2-ir)-9° C. 


Time. 

Rate. 

; Average. 

Corrected for 4'* ! 

i 



Light. 


> 

11.45 

KM. 

228 ^ 

I 

1 

11.46 

11.48 

»» 

228 1 
281 f 

1 228 

228 ' 1 

11.62 


231 J 



11.63 


Bark. 


1 

12.19 

12.26 


164 \ 

180 / 

1 182 

1 206 i 

12.26 


Light, fairlv 

Drighl. 

1 

4.44 


202 1 



4.46 


191 } 

1 196 

190 

4.61 


194 J 

i 



The average of the two L periods is 209, which is practically equal to the 
transpiration in the D period. This result is not explicable, as the light 
was good at 4.44. Nor was there any evidence of the wood-vessels being 
blocked, as sometimes occurs in potometer experiments. 

Average : L/D = 209/208 = 100-5/100-0. 

Experiment 19. — May 17, 1913. P. lauroeeraeus. 


Fresh surfaces cut to the branch on May 15, May 16, and May 17. 
9.30 A.M.— ^ between 76 and 82 per cent. T 13'7-144® C. 


Time. 


' 

Time. 1 

Time. 


10.80 XX. 1 

10.48 „ r 

Light. 

166 

Cireo 10.46 A.H. 
11.19 „ \ 
11.80 „ / 

Bark. 

106 

j 11.84 Alt. 

; 2.0 P.M. \ 

\ 2.20 „ ! 

Light. 

221 

The average of tlie two light periods is 194. L/B « 

184/106 - 18^100. 


The following experiments were made by Miss Pertz on P. laurocerasm 
.^growing at the Botany School, Cambridge: — Shoots bearing five to seven 

y2 
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leaves of the ciirrent year were cat under water, and fitted to the Bausch 
and Lomb (Pro! Granong's) potometer. The leaves were vaselined and cnt 
as usual, the incisions being usually four in number. The surface of the 
branch was always carefully greased. 

The first column gives times of observation. The second the number of 
seconds occupied by the absorption of one degree of the potometer, 
is. of 0*01 c,c. The third column (B = rate) gives the reciprocals of the 
time readings (Column 2) multiplied by 10,000. Thus the hourly rate of 
absorption (E) is expressed in units of 0 0036 c.c. The fourth column gives 
the rate E corrected for 


Experiment 20. — June 9, 1913. 1\ latbroeertmis. 

Seven leaves. Kelative humidity (i/r) varying between 58 and 63. 
Temperature between 16*6 and 18*3. 


Time. 

Time in eeconds. 

B. 

Corrected. 

10.14 A.M. 

Leavee greatiod. 

Out ; placed at east window. 

10.18 

06*0 

104 *0 

108*0 

(bright da;r) 

10.26 „ 

102 0 

08 *0 

98 0 

10,36 „ 

106*0 

06*2 

102*0 

10.62 „ 

22 5 

108*0 

116-0 

ll.X „ 

100 0 

100 *0 

100-0 

ILll „ 

107-0 

98 *6 

93 *4 

1M6 „ 

107 *0 

98-6 

93*4 

11,18 „ 1 

Placed in dark room. 


11.80 „ 1 

128-0 

78-1 

86 *4 

11.42 „ i 

141 *0 

70 -9 

77 *6 

11.66 „ i 

160 *0 

62 *6 

08*8 

12.8 P.M. 1 

161 0 

62 ’1 

70*0 

12,16 „ 1 

176 0 

67 1 

62*4 

12.20 „ j 

Beplaoed at east window, rather dull. 

12.27 „ 1 

135*0 

74*0 

76-0 

12.S7 „ , 

126*0 

70-4 

$1*0 

12.44 „ 

UO *0 

90*9 

94*9 


If we take the last (corrected) reading in each period we get — 

Light. Dark. Light. 

93-4 62*4 94*9 

or 160 100 152 

Average: L/D 161/100. 

The rest of the experiments are given in abbreviated form, ie., merely th& 
rate B corrected for difference in 
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Experiment 21. — June 6, 1913. F, laurmrasm 
9.30 A,M. — Out a shoot with nine leaves of current year and fitted to 
potometer after vaselining and cutting. At east window. Dull day. 
y/r 59-62 per cent. 


■ 

Time. 

B. 

Time. 

f 

1 

1 10.34 A.u. 

61 -0 



10.87 „ 

98*6 

11.42 A.M. 

; In dark room. 

I 10.62 „ 

81 *8 

11.48 „ 

41 '9 


(lighter) 

1 12.8 p.u. 

1 44^8 

11.16 „ 

69 *0 

1 1*20 „ 

i 87-7 

, 11.40 „ 

64 *8 

12.88 „ 

I 29-8 

Begnlt : L/» = 186/100. 


Experiment 22. — June 7, 1913. P. laurooeTam.H, 

10 A.M. — Young shoots, six leaves. At east window. Dull day. \jr 62 ^ 
74 iw cent. 


Time. 

E. i 

Time. 

K. 

10.16 A.K. 

49*6 

i 

Placed in dark room. 

10.26 „ 

48 ‘0 

1 11.39 A.M. 

49*8 

10.61 „ 

76 *0 

! 11.52 „ 

46 -0 

11.7 „ 

66*7 

1 12.12 P.M. 

401 

11.22 „ 

69 *4 

j 12.24 „ 

SB'S 

11.80 „ 

68*8 

i 


Keaultx 

L/D • 164/100. 


Experiment 23. — June 12, 1913. A laurocerasm. 

11.60 A.M. — Young shoot, seven leaves, vaselined but no incisions made. 
1 ^ 52-63 per cent. T 17-9-20-3. 


t 

Time. 

R. 

j Time. 

B. 

.run« 18, 1618. 


11.7 A.M. 

107-0 

9.80 A.K. 

Freeh eurfftoe to branch 

11.13 „ 

97 *4 


cut under water. 

11.86 

88*7 

9.60 „ 

25*8 

11.89 „ 

87*8 

10.0 „ 

24 a 

11.48 „ 

89*2 

10.1 H 

Out leares, ^.e. usual 

11.64 „ 

89-9 

incuions made. 

11.66 „ 

Bepkoed at east window. 

10,6 „ 

69*6 

18.2 V.H. 

86*6 

10.10 M 

86*6 

18.18 „ 

90*8 

10,86 „ 

109*0 

12.29 „ 

96*9 

10.42 „ ' 

118*6 

13.88 „ 

106*0 

10.47 „ 

118*6 

12.47 

106*0 

10.66 „ 
104S6 „ 

117*6 

1 Plaoed in dark room. 

12.60 „ 

108*0 

Result t Light 181, Dftrk lOO, Light 120. Average : X/D 126/100, j 
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Experiment 24. — Jane 13, 1913. P. lateroeBranet. 

June 13, 1913. — A shoot with nine loaves, none very young ; vaaelmedl 
June 14, 10.5 a.m. At east window, yfr 63-61 per cent. T 18'4-20i“ C. 



R. 

1 I^me. 

Be 

10.10 A.U. 

28*9 

11.82 A.H. 

128 

lOM „ 

26*8 

11.88 „ 

181 

10.26 „ 

Out up le»Tcie. 

11.47 „ 

126 

10.28 „ 

96 2 

11.56 

129 

10.84 „ 

136*6 

13.11 T.U. 

118 ! 

10.87 „ 

140 

12.12 „ 

BepUeed ftt enst window, j 

lO.fiO „ 

180 

12.18 „ 

128 ! 

11.8 „ 

160 

12.28 „ 

187 

11.10 „ 1 

184 

13.80 „ 

188 ! 

11.15 „ 

166 

12.36 „ 

184 1 

11.18 „ 

Plaoed in dark room. 

12.62 „ 

140 

11.23 „ 

144 


1 

^ , i 

Result 

; 

Light 132, Dark 100, Light 110. Average : L/D .. 126/100. i 

1 


Experiment 26. — June 16, 1913. P. lauroeerasus. 

Shoot with seven leaves, none very young. Yaselined and placed at east 
window. 


Time, 

E. 

Time* 

B. 

Jana 17, 1013. 

Cut fresh sorfeee to 

10.86 A.M. 

108*0 


bnuK^ under water 

10.46 „ 

106 *0 

9.86 A.M. 

Fleoed at eest window. 

11.4 „ 

106*0 


^ 66-66 per oent. 
T2l *9-36 *8 

11.5 „ 

Pieced in derk room. 


11.81 „ 

76-3 

9.89 „ 

19*8 

11.80 „ 

76*1 

10.0 „ 

Cut up the leaves 

i ii « „ 

78*6 

10.4 „ 

67*1 

11.50 „ 

76*7 

laio „ 

96*8 

n.62 „ 

Bepleoed et eeet window. 

10.14 „ 

106*0 

12,28 tM- 

106*0 

1 10.28 „ 

10.80 „ 

109*8 

108*0 

12.88 

106*0 

Beeult; Light 188, Dark 100, Light 187. Average t 

XJD - 188/100. 


Weighimg Eixperimenta (Zawrd). 

In a few experiments the transpiration was estimated ly the loss 
of weight of a cut branch (laurel) in a bottle of water covered with a layer 
of olive oil. The branches had each six leaves, which were carefully 
vaselined and out in the usual way. The stem and all bade vaselined 
with care. 
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The experimenta took place in the labomtory above referred to, in which 
darkness was not absolute. 

The speoimens weighed from 100 to 130 grm,, and were only weighed to 
within 6 mgrm. 

Experiment 26. — May 10, 1913. P. laurocerdsm, 

8.52 A,M. — At bright north light. 71-88 per cent. T 11-13'6® C. 


Time. 


9.87 A.K. 

10.21 
10.82 

11.21 

11.21 

12.8 V 

12.8 

1.8 

1.8 
1.69 
2.0 

8.8 


Lobs. 


M. 


} 

} 

} 



Per hour. 

Corrected for 


grm. 


Light 

0*262 

219 

Dark 

0*114 

127 

Light 

0 180 

167 

Bark 

0 *107 

122 

Light; 

I 0*244 

i 

217 ' 

: (sky very bright.) 

Bark 

I 0 ’118 

I 

i 

129 


Bwult, average L/D « 201/126 ■■ 169/100, 


Experiment 27. — May 22, 1913. P. laurocerams. 
Leavefi vaselined, but not inoieed until May 23. 

May 23. — light clouds. 76-86 per cent. T 14‘2-18-2'’ C. 


Time. 


” 1 
” } 
at I 


9.44 A.M. \ 

10.48 „ f 

10;47 
11.62 
11.88 „ 

12.44 VM 
12.44 „ 

IM „ 

1.44 „ 

8.«1 ,, i 

8.62 „ 

4.1* „ 


Lou 



Per hour. 

Oorreoied for 

Light 

1 

gnu. 

0*249 

271 

Bark 

0’184 

167 

Light 

0*294 

254 

Bark 

0*260 

20S 

Light 

0*242 

842 

Bark 

0*286 

197 


At«»«0! L/D - 266A91 - 124/100. 
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Experiment 28. — May 24, 1918. P. taurom'ams. 77-88 per cent. 

T 161--18-6° C. 




Time. 



Oorraoted for if** 



Light. 

Dark. 

Light. 

Dark. 

Light. 


grm. 

0*328 

0*129 
0 821 
0*195 
0*217 


290 

158 

273 

108 

217 


Average ; L/D « 246/168 « 166/100. 

Or, omitting tbo last L period : L/D «* 326/102, or 201/100. 


Experiment 29. — May 25. P. Imrocerasm. 76-83 per cent. T 17’8-20'5. 


Time. 

, >■ ■ 


Kate. 

Corrected for 

6.26 A.M. 1 

10.88 „ ]■ 

: 10.88 „ 1 

i H.M „ i 

w 

Light 

Dark 

231 

166 

231 

162 

1 11.44 „ 1 

12.51 „ r 

Light 

264 

264 

i 12.61 „ 1 

1 4.10 „ / 

Light 

267 

236 


i.Teroge : L/D - 844/162 - lSl/100. 


The results of the series of four weighings are 
L/1) = 169/100 ; 134/100 ; 201/100 ; 161/100. Average L/D * 161/100. 

Experi^nenta on Ivy (Hedera helix). — July, 1913. 

In the following experiments by Miss Pertz the speoimeos were cut at 
night and placed in water, and on the following morning a fresh surface was 
out under water. 

The leaves and stems were then carefully vaselined and four incisions 
per leaf were made. 

In all cases the transpiration rate is corrected for 
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Experiment 30. — July 1, 1913. Ivy. 

10.20 A.M. — Shoot with seven leaves vaselined, no iuoisions made. 

July 2, 9.30 A.M.— In potometer at east window. Dull. Daring the day 
day yjr 60-70 per cent. T 18-19'6° C. 


' 

Time. 

K. 

Arerage. | 

Time. 

B. 

Average. 

.. ... ... 

! 9v38 A.M. 

27 ‘8 

i 

10.43 A.1C. 

77-0 


1 9.41 „ 

27*8 


10.53 „ 

71 *9 


9.48 

Out up loaveis trifch tCAlpeli 

11.4 „ 

78-2 



4 ouU each leaf. < 

11.11 „ 

74 -e 1 


0.47 „ 

76 *8 


11.18 „ 

70-9 f 

f O 

9.51 

82-0 


11.19 „ 

Replaced at east window, i 

; 10.0 ,, 

96-2 


11.22 „ 

75 *8 


; 10.17 „ 

91 *8 


1127 „ 1 

82 0 


! 10.26 „ 

112 *0 

, 

, 12.48 p.M. i 

91-0 


, 10.82 „ 

124 *0 1 


12.46 „ 

91*0 1 

CkR 

10.85 „ 

106 -0 / 

ilO 

‘ 12.62 „ 

99*0 / 

VO 

10.85 „ 

1 

Placed in dar 

Ic room. 

1 



i 

L, 

D. L. 




L. D. L. 

K«»ult 116 76 96 Average: L/D - 188/100. 

or 161 100 126 


Experiment ill. — July 4, 1913. Ivy. 

11 A.M. — Shoot, 12 leaves, out and vaselined. • .. 

July 6, 10 A.M. — In potometer at east window, •^during day 63-68 per 
cent. T 16-7-18-4° 0. 


Time. 

R, 

Average. 

i Time. 

R. 

Average 

10*16 A.M. 

38 *0 


1 11.17 A.M. 

121 0 


10.19 „ 

29 7 


; 11-40 „ 

106 *0 


10.22 „ 

Out up leaves witli soalpol, 

: 11.61 „ 

102-0 1 

10A 


4 outs each leaf 

11.69 „ 

104 *0 J 


10.26 „ 

108*0 


i 12.0 NOOK 

Replaced at east window. 

10.81 „ 

122*0 


I 12.8 P.M. 

116 *0 


10.41 „ 

126*0 


i 12.18 „ 

123 *0 


10.62 „ 

187 -0 


! 12.38 „ 

126*0 


11.1 „ 

189-0 


1 12.42 „ 

127-0 


11.9 „ 

147 -0 "1 


i 12.47 „ 

128 *0 


11.11 ., ! 

147-0 / 

la# 

: 12.61 „ 

131 *0 1 

UkO 

11.12 „ 

Plaoed In dar 

E room 

12.68 „ 

184-0 J 

loo 




D. 

L, 

Result 

147 

108 

188 

or 

148 

100 

129 


Average : L/D •• 186/100. 
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Experiment 32.— July 7, lftl3. Ivy. 

11 A.M. — Shoot cut, 10 leaves (current year) vaeelined. 

July 8, 9.55 A.M. — In potometer at east window, ■^during day 54-64 per 
cent. T 16-2-17-l° C. 



K. 1 

Average. 

t 

Time. 

B, 

10.6 A.M. 1 

21*5 

,'i 

11,2 A.M. 

116 *0 

10.9 „ 

1 20*7 

i 

11.18 „ 

111*0 

10.11 „ 

Cut up leaves, 
leaf. 

4 eute per i 

11A6 „ 
11.81 „ 

1 118*0 

1 120 *0 

10.13 „ 

85*6 1 


11,86 „ 

118-0 

10.17 „ 

1 100 *0 ! 


11.36 

Keplaoed i 

10.24 „ 

1 109*0 1 


11.46 „ 

188 *0 

10.82 „ 

126 *0 


11.53 „ 1 

188*0 

10.89 „ 

127 *0 


12.2 P.M. 

188*0 

10.47 

126*0 1 

180 . : 

' il 

12.12 „ 

140*0 

10.49 „ 1 

132 *0 f ' 

12.19 „ 

140*0 

10.50 „ 

Placed in dark room, 

i' 

12.24 

188*0 

1 


Avamge. 


110 


189 


1 

} 

L. 

D. 

L. 

i Result 

189 

119 

139 

or 

lOK 

100 

117 


Average : t/D - 118/100. 


Experiment 38. — July 9, 1913. Ivy. 


10 A.M. — Shoot having 13 leaves of current year, out and vaselined. 

July 10.— In potometer at east window, '^during day 66-73 per cent. 
T l6-7-19-2° C. 


Time. 


10.11 A.M. 

10.17 „ 
10.86 „ 
10,88 „ 
10.47 „ 
10.61 „ 
10.87 „ 
10.69 
11,0 „ 

11.11 „ 

11.49 „ 





E, 

r"’' "" 

Average. | 

1 

Time. 

^ J 

Average. 


! 

Cut up leavea, 4 cuts each , 

11.61 A.M. 

1 

120 \\ 

121 


i leaf. 

1 

11.56 „ 

m fi 


; 96 


11A7 „ 

Bephwed at east window. 


1 110 


12.4 P.M. 

150 



1 180 


12.9 

164 



147 1 


12.16 

167 



148 


12.28 

162 



186 \ 

140 

18.27 „ 

154 



146 r 

18.82 „ 

161 

] 


Placed iu dark room. 

1 12.86 „ 

169 



112 


! 12.88 „ \ 

149 X 

168 

1 ■ 


128 

i 1 

\ 12A9 „ ; 

1 

167 / 


L. D. I*. 

ItetuH 140 181 1«S Avewg* i L/B 181/100. 

or lie 100 186 
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Experiment 34. — July 10, 1913. Ivy. 

Shoot having nine leaves, six being of current year, vaselined. 

July 11, 10.20 A.M. — In potometer at east window, ‘^during day 
66-69 per cent. T 17-18'9° C. Bull morning. 


Time. 


Average. 

! Time. 

1 

[ 

H. j Average. 

10.29 A.st. 

22*6 


{ 11.62 AM. 

i 

71 -0 1 

10.81 ,, 

Cixt up leftvet, 4 o\it» each 

12,6 P.JI. 

76»0 ll 

74*0 /: 


leaf. 


j 12.18 „ 

10.84 „ 

88-0 


12.20 „ 

Beplaoed at eaet window. 

10.40 

88*0 


, 12.26 „ 

80-0 j 

10,49 „ 

86-0 


! 12.82 „ 

91*0 

1X.7 „ 

98*0 


! 12.44 „ 

89*0 ! 

11.22 „ 

08*0 \ 

95 

12,59 „ 

96 0 1 

11.25 „ 

97*0 I 

! 2.7 „ 

94 0 1 

11.26 „ 

Placed in dark room. 

; 1.12 „ 

1080 A 1 ™ 

98 0 

i 

1 i 

11.84 „ 

82 *0 


1.18 „ 

11.40 » 

76 0 

■ 

i 

1 


L. 

D. L. 

1 

Betiult 95 

76 101 Average 

I L/D - 131/100. 1 


or 127 

100 135 

■ • 1 


Experiment 36 . — June 22, 1913. Jvy. 

The following experiment may be placed with the above, although 
trarxspiration was estimated by weighing instead of with the potometer. 
The method was the same as that described for laurel. 

June 21,4.80 p.m. — Branch out under water and placed in water covered 
with a layer of oil. The lower surfaces of the leaves (of the ourrent year) 
carefully vaselined, together with the stem. 

June 22, 9.40 a.m. — Four or five incisions made per leaf. Placed in north 
window ; the sky fairly bright. from 72 to 80 per cent. T 16‘6-19‘2° C. 


Time. 


Kate corrected 
for^. 

Time. 


Kate corrected 
tot^. 

10.18 AM,\ 

Light 

m 

12.84 F.M.1 
1.87 „ / 

Light 

861 

12.84 pmJ 

Bark 

187 

1.87 „ 1 
« / 

Bark 

j 

100 

i 


The •T«r»ga trsnapinition L/D •• 828/180 

tMP L/D - 174/100 


The average of the L/B results for ivy, viz., 138, 136, 113, 121, 131, 
174/m is 136/100. 
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Results^ 

§ 1. The method employed was to close the stomata by carefully rubbing 
the stomatal surface with cocoa-fat or vaseline, the intercellular spaces being 
afterwards put in communication with the outer air by means of indsions. 

In the case of leaves not thus treated, it is well known that the closure of 
the stomata in darkness greatly diminishes the evaporating surface and 
vice vered. In my method the evaporating surface is a constant. 

§ 2. The following tables give the comparative effects of diffused daylight 
and darkness on the transpiration of P. lanrocerasus and Hedera helix treated 
as in § 1. 

P, ImiTocermm. 


Date. 

A Light. 

• 

Dark. 

i Date. 

Light. 

' ’ ‘i 

Dark. 

1911. 



1018. 



April 11 

; 105 

100 

May U 

101 

100 

„ 19 

t 

100 

„ 17 

186 

100 

» 30 

14S 

iOO 

r, 22 

184 

100 

„ 22 

m 

100 

» 24 

201 

100 

1913. 

' 


M 26 

161 

100 

April 31 
May H 

I 118* 

100 

June 6 

7 

165 

164 

100 

100 

M 2 

116 

100 

„ 2 

151 

100 , 

„ 6 

107 

i 100 

„ 12 

126 

1 100 

M 6 

1 126 i 

i 100 

„ 13 

126 

1 100 , 

» 7 


1 100 1 

10 

188 

100 ; 

1. 7 

1 184 j 

1 100 

1911. 


! 

M 8 

' 100 

1 100 

1 Not. 16 

125 

100 

10 

106 ' 

1 100 

1 17 

114 

100 1 

„ 10 


! 100 

1 1909. 

[ 


1, 12 

120 

! 100 

I Dec. 0 ...... 

119 

100 

,, 12 

144 

1 

100 

'i 

... 

t 

1 


! 

Average L/D : 181 '7/100, in round number* 182/100 or 82 per cent, 


* The average of eight experimenU, $ee p. 386. 


Ivy {Hedera). 


Date. 

Light. 

Dark. 

Date. 

liight. 

Dark. 

J uae 32, 1918 1 

174 

i 100 

July 7,1018 1 

118 

100 

July 1, „ i 

138 

1 100 

a 

»♦ >1 

181 

100 

M II 

186 

' 100 

„ 10, „ 

181 

100 


Average L/I) : 186/100 or 86 per cent. 


§ 3. The tables given under § 2 show a remarkable degree ef variability ; 
the extreme cases are : April 19, 1911, when the result was and May 24, 
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1913, when the transpiration in light was double that in darkness. The 
average ratio for transpiration in light and darkness is: ivy, 136/100; 
laurel, 132/100. But between May 14 and June 16 the laurel gives an 
average 150/100, and, speaking generally, it oannot be doubted that the 
laurel reacts to illumination more in early summer than in spring. The 
winter experiments are not sufficiently numerous to justify any comparison 
with those obtained in summer. 

It is at present impossible to form any conclusion as to the cause of the 
increased reaction in June. I have no evidence as to whether the 
increased permeability to water is a periodic effect, or connected with the age 
of the leaf, or with the brightness of the summer sky, as compared with 
illumination earlier in the year. 

§ 4. With regard to the main fact tliat transpiration is increased by liglib 
or diminished by darkness, we may either accept the view of Wiesner,* viz., 
that in light the chloroplasts are warmed by the absorption of radiant 
energy, or we may believe that light produces an increased permeability of 
the plasmic membrane to water, a point of view to which the interesting 
work of Lepeachkin and Trondlef on the increased permeability to dissolved 
substances produced by illumination may possibly give some support Or we 
may combine Wiesner's theory with those of the other writers. 

It is a pleasure to express my thanks to Miss 1). F. M. Periz for the 
valuable aid she has given me throughout the researclL 

♦ WieHuer, ‘ Sitzb. d. k. Akad. Wiss./ 1877, vol. 74, p. 477. 
t Lepenchkin, ‘Ber. d. Bot. Ges.,’ xxvi, « ; Tiinidle, ibid, xxvii. 
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The Chemical Interpretation of some Mendelian Factors for 

Floxoer -Colour. 

By M. WhkIiDai.e, Fellow of Newnham College* Cambridge, and 
H. Ll* Bassett, Trinity Hall, Cambridge. 

(Communicated by W. Bateaon, F.RS. Received November 21, 1913, — Bead 

January 22, 1914.) 

( From the Laboratory of the John Ixmee Horticultural Inatitution, MeHon, Surrey, and 
the Balfour Lalmratory, Cambridge.) 

The inheritance of flower-colour in Antirrhinum has been worked 

out by one of ua* and also by Baur.f Investigation has shown that the 
flower-colour of the type in Antirrhinum is due to the presence of at least 
six factors and that these, in varioxis combinations, produce a series of colour- 
varieties. Full accounts of the factors have been given in the papers cited, 
btit for convenience of reference four are mentioned again here, i.e , : — 

Y. A factor representing the power to form ivory pigment in the tube, 
accomimnied by yellow pigment in the lips. 

I. A factor representing the power to form ivory pigment in the lips. 

R. A factor representing the power to form red pigment in the flower. 

B. A factor representing the power to convert red into magenta pigment 

The factorial constitution of the type and varieties can be expressed as 


follows : — 

YY(y)iirrB(b)B(b) Yellow. 

YY(y)II(i)rrB(b)B(b) Ivory. 

YY(y)iiER(r)bb Bron>:e. 

yY(y)II(i)RR(r)bb Red. 

YY(y)iiRIi(r)BB(b) Crimson. 

YY(y)II(i)RE(r)BB(b) Magenta. 


yyI(i)I(i)R(r)E(r)B(b)IKb) ... White, 


Tn 1909 a series of researches was commenced with a view to the inter- 
]tretation of the above factors in terms of chemical substances, or possibly 

♦ Wheldale, M., “ The Inheritance of Flower-colour in Antirrhinum * Boy. Soc. 

Proc.,’ 1907, B, vol. 79, p. 288 ; “Further Observations on the Inheritaaoe of Flower- 
colour in Anii^kinum, ‘ Eep. EvoL Com. Boy. Soa,* V, 1909, p, 1. 

t Baur, E., “ Einige Ergebnisse dor experlmentellea Vererbungskhre,** * Beihefte sur 
Med. Kliiiik,’ Berlin, 1908, Heft 10, p. 265 } “ Vererbungs- und Bastardierungsvemche 
writ Ai^irrhxmm^^ * Zs. indukt. Abstammungslehre,’ Berlin, 1910, vol 3, p. 34. 
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mzyme^. Since some of the pigments involved (red, magenta) belong to the 
group of so-oalled anthocyanins, i.e. soluble red, purple and blue pigments of 
plants, general investigations were at first made by one of us* on anthocyanin 
pigments. As a result of qualitative reactions, in conjunction with evidence 
from cross-breeding, it was suggested that anthocyanins, as a group, are 
oxidised products of the natural yellow colouring matters, the flavones and 
xanthones, At the same time it was }>ointed out that a number of the latter 
substances had been isolated by Perkin and othersf from various plants and 
several had been shown to be widely distributed. The existence of many 
flavones and flavone derivatives was mentioned and attention was drawn to 
the fact that, as a group, they have similar properties but differ among 
themselves in the number and position of their hydroxyl groups and in other 
points. It was further suggested that the oxidise<l products (anthocyanins) 
might, in a similar way, fonn a group of closely related substances, differing 
individually according to the flavone from which each had been derived. 

In view of evidence collected from various sources, it was again suggested 
by one of us^ that since the flavones are known to be present in many cases 
as glucosides in the plant, the reactions involved in the formation of 
anthocyanin might be stated in very general terms as follows : — 

Glucoside + water tiz flavone + sugar, 

X (flavone) + oxygen anthocyanin, 

and also that, in addition to oxidatioix, there might be condensation of the 
flavone molecules. It waa likewise stated that the first reaction might be 
controlled by a glucoside-splitting enzyme and the second, if due to 
oxidation, by an oxydase. 

Subsequent work Ims strengthened the view that anthocyanins are, in all 
probability, derivatives of the flavones, though we ourselves have no further 
evidence as to the actual nature of the reactions involved in their formation. 

Since we find little reliance can l>e })laced on results given by crude water 
or alcoholic extracts from flowers, in all later investigations an attempt has 
been made to deal with the isolated and purified pigments. In a paper by 
one of U8,§ the methods of preparation and j)urification of the crude pigment 

* Wheldale, M., “The Colours and Pigments of Flowers with special Eeferenoe to 
Oefletios,** * Roy. Soc. Proc,/ 190&, B, vol. 81, p. 44 ; “ On the Nature ci Anthocyanin,” 
* Phil. Soc. Froc.,* CSambridge, 1909, vol. 15, p. 1S7. 

t Perkin, A O., various papers in ‘ C2hem. Soc. Turns from 1896 to 1904. 

I Whel^le, M., “On the Formation of Anthocyanin,” * Joum. Oenetks/ 1911, voi 1, 
fx 191. 

i WheMale, The Slower laments of L— Hethodof Prepara* 

iioa,*' * Blochem. J ourn,,* 1918, vol. 7, p. 87* 
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have been deweribed. In a more reoent paper by both authors,* an aceount 
has been given of the identification of the ivory pigment of Antirrhinum with 
apigenin, a flavone of known constitution, isolated by Perkinf from apiin, a 
gluooside occurring in the parsley, Apiim petroselinum, Apigenin is a very 
pale yellow crystalline substance, readily soluble in hot alcohol, slightly so 
in ether and almost insoluble in water. Melting point. 347° C. In the 
ATitirrhimtm plant, apigenin undoubtedly exists as a glucoside, in which state 
it is more soluble than after hydrolysis. 

Attention has been given subsequently to the yellow pigment and the 
results are included in the present paper. The crude pigment prepared from 
yellow flowers was extracted with ether by methods described in previous 
papers. The ether extract contains apigenin from the tube and inner tissues 
of the corolla, and yellow pigment from the epidermis of the lips, including 
the patch on the palate. It was at first thought that the yellow pigments in 
the epidermis of the lips and in the patch on the palate might be identical. 
After removing the bulk of the apigenin from the ether extract by crystallisa- 
tion from alcohol, the remaining yellow pigment, which is very soluble in 
alcohol, gave, on fractional crystallisation from dilute alcohol, products of 
which the melting points varied from about 250° to 338° C. 

The wide range of the melting points, combined with certain qualitative 
reactions of these extracts, led to the conclusion that the palate contained 
the lip pigment mixed with other pigments, or even other pigments without 
the lip pigment. Since, however, the patch on the palate is common to all 
varieties (except white), the factorial diffei^ence between ivory and yellow is 
only concerned with the yellow lip pigment. Hence, in oz'der to simplify the 
problem, the pigments of the palate have been disregarded for the time 
being, and investigations have been limited to crude material (unfortunately 
prepared only in small quantity) from the upper lips of the yellow 
variety. In tliis product, it seemed more likely that there would only be 
two pigments present to any extent. 

Even the more simple mixture presented very great difficulties in the 
separation of yellow from ivory, both pigments having almost the same 
solubilities in all solvents used. Such separation as was possible by means 
of different solubilities gave products which indicated by their melting 
points, 300'-328° C., the presence of luteolin, this substance being the only 


♦ Wheldale. M., and Ba««ett, H. LI, “The Flower Pigments of AntirrUmm 
IL— The Pale Yellow or Ivory Pigment,” ‘Biochem. Joum.,' 1013, vol 7, p. 441. 

t Perkin, A. G., “Apiin and Apigenin,^' ‘Ghem. Soc, Journ,, Trans./ 1837> vol 71, 
p. 806 ; 1900, vol. 77, p. 416. 
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kiiown flavone melting above 300® C. and having at the same time the 
solubilitieH and properfeies of the yellow pigment. 

i^roceeding on the assumption that the yellow pigment might be luteolin, 
a fairly satisfactory separation was brought about by hydtobromio acid, 
which, according to Perkin, ♦ forms, in glacial acetic acid, a compound with 
luteolin but not with apigenin. The luteolin hydrobromido remains in 
solution unless excess of hydrobromic acid is added, when it separates out in 
ochre-coloured crystals which are decomposed by water into luteolin and 
hydrobromic acid. The method of procedure in our case was as follows : The 
ether extract containing the mixed pigments was ground into a thin paste 
with glacial acetic acid, heated to boiling, and hydrobromic acid added, but 
not in excess. On cooling, the bulk of the apigenin separated out, while the 
yellow pigment remained in solution. The apigenin was filtered off, and on 
addition of much water to the filtrate the yellow pigment separated out and 
was also filtered off. A repetition of this process ensures greater purity of 
the yellow. After drying, the yellow was further purified by extraction with 
ether. 

The pigment prepared in this way, except for its melting point, which 
varied from 310*^ to 328° C., resembled luteolin in properties. According to 
Perkin, t luteolin is a bright yellow crystalline substance, readily soluble in 
alcohol, fairly soluble in ether, and very slightly soluble in water, even when 
hot. With ferric chloride solution luteolin gives at first a green, later a red- 
brown, coloration. The melting point of luteolin was for many years given 
as “ above 320® C.*' More recently Perkin has obtained luteolin by two 
different methods of purification, giving, in one case, a product melting at 
327-329^ C., in the other, at 323^326® 0. 

Luteolin occurs in Omista timto'iHaX and in leaves of Digitedu^ and also, 
together with small quantities of apigenin, in Emda luUolaJ\ 

The structural formulae of luteolin and apigenin ai'e os follows : — 

^ Perkin, A. G., “ Luteolin,— Part ‘ Ohem, Soc. Journ., Trana/ 1S06> voL 69, p. 206. 

t Perkin, A. O., “ LuteoUn.— Part I,” ^CSheni. Soc. Journ., Trwoa.,* 1^6, vpl 09* p. 5806 ; 
^ Luteolin.— Part II,” * Chem. Soc. Joum., Trans.,’ 1896, voL 69, |k 799 j Perkin, A G*# 
and Horsfall, L. H,, ** Luteolin. —Part HI,** * Chem. Soc. Joxum., Traxis.,’ 1903, vol, 77, 
p, 19U. 

X Perkin, A. G., and Newbury, P. G. ^^The Colouring Matters oontained in 
Broom thtoiorta) and Heather (Callum * Chem. Soc, Joum., Trana,* 

1699, vol 76, p, 630, 

§ Fleischer, F., ** Digitoflavon, ein neuer KOrper aus der I>ig4iidi» ‘ Ben D, 

1899, vol 32, p. 1164 ; KiUiaai, H., u. Mayer, O., Haber ^e Idmxtitkt Von 
i)ifit<wflavon nnd Luteolin,” * Ber, D. Ohem. Oea,* 1901, vol 34, p. 3677. 

it Perkin, ?oc. dti 
\ VOL LXlCXVn.— B, 
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As pointed out hy Smiles,*^ the more intensely coloured flavoneH contain 
two hydroxyl groups in the ortho position with respect to one another, 
whereas the arrangement in apigenin is not so productive of colour. 

The close connection between the structure of the two substances, and the 
fact of their occurrence together in Reseda htteola, also favour the assumption 
that the yellow AifUin^hinum pigment is luteolin. The presence of luteolin 
in the allied genus Digitalis is also of interest. 

In order to corroborate this suggestion, attempts were made to form both 
the acetyl and l>enzoyl derivatives of the yellow pigment. The attempts 
failed, owing partly to the small amount of pigment available, and partly to 
the following difficulties. In the case of the acetyl derivative, the method of 
dissolving the pigment in caustic soda or pyridine and adding acetyl chloride 
apparently failed to acetylate the pigment completely. The method 
employed hy Perkin and others of boiling the pigment with acetic anhydride 
and anhydrous sodium acetate was not found satisfactory when dealing with 
such small amounts of suhstance, sinee there were produced sinmltaneously 
brown decomposition products, from which it was impossible to isolate the 
derivative. In attemi>t 8 to benzoylate the yellow pigment by the Sobotten- 
Bkumann method, the same difficulties arose, together with a further one, 
namely, the fact that the melting point, 201® C., of the benzoyl derivative of 
luteolin is only about 10 ® lower than tliat, 210 - 212 ® C 4 of the benzoyl 
derivative of apigenin; hence the possibility that the small amount of 
product formed might be impure apigenin derivative produced from apigenin 
retained in the luteolin used. It has been shown by Perkinf that in the 
Schotten-Baumann method, under certain conditions, a tribenzoyl, instead of 
a tetrabenzoyl, derivativej may be formed. 

Finally, attempts were made to form the benzol sulphonyl derivative 
described by Flei^herj as obtained from digitoflavone, th 6 latter substance 
being extracted from Digitalis leaves and subsequently shown to be identical 
with luteolin. Fleiscber^s benzol sulphonyl derivative was obtained by 

^ Smiles, S., ‘The Kelations between Chemical Conatitution ahd some Physical 
Properties/ Loudon, 1910. 

t Perkin, A. O., “Notes on Luteolin and Apigenin,” *C3aem, Soc. Journ., Trans./ 1 90S, 
YOl61,p. im. ... . 

J Fleischer, F., /oc. oti, . . 
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treating tbe digitoflavone, in caustic soda solution, with benzol sulphochloride 
and crystallising the product from a mixture of chloroform and ether. 
Melting point, 189^ C. 

By treating a ejiecimen of yellow pigirient, purified by means of the 
hydrobromide method and subsequent extraction with ether, in a similar 
way with bensiol sulphochloride, an almost wliite product was obtained, 
which crystallised from a mixture of chloroform aud ether and melted at 

18 , 8 - 190 ^ e. 

By hydrolysing a small quantity of the benzol sulphonyl derivative with 
alcoholic soda for three hours, a sample of luUiolin was obtained, molting at 
324° C. 

There is no doubt that the yellow A^nilrrhimmi pigment is luteolin. The 
factorial difference between the yellow and ivory varieties can, therefore, 
be expiessed as follows : — The ivory variety has the power to form apigeniu 
throughout tht^ tissues of the flower, whereas the yellow variety has the 
power to fonn luteolin, either in addition to, or more probably instead of, 
apigenin, in the upper epidermis of the lips. It appears most likely that 
the yellow variety has lost the power to forpi apigenin in the epidermis 
and produces luteolin instead, though there does not seem to be any 
particular reason why the power to form apigenin, instead of luteolin, should 
be a dominant character,* Tlie different llavones syuthesised in either case 
may be regarded rather as an expression of a fundamental difference in 
structure of the living molecule in the two varieties, affecting, perhai>8, the 
production of different hydroxybenzoio acids, from which the flavonea may 
be synthesised. Little can be gained at present by postulating the existence 
of a special organic catalyst or enzyme, representing the I factor, and 
concerned with the removal or addition of au hydroxyl group. 

From the white variety no flavonea could be extracted, and this is iu 
accordance with Mendelian evidence. We must suppose, therefore, that 
either the substances from which the flavones are synthesised are absent, or 
tbe power of synthesis fails. 

As regards the, yellow patch on the palate, it appears likely that other 
flavonesi having lower melting points and slightly deeper colour than luteolin, 
are present in this region. 

It seems highly probable that the anthocyanin pigments are derived from 
the flavones by oxidation, or condensation, or botli, though only accurate 
analyses of the pure pigments can ultimately decide this question. With 
re^d to the suggestion made by one of us os to the mode of formation of 

Sphere are fs^ol^bly very siuttll quantities of other flavones in the lips of both yellow 
"and ivor}-, but these do not affect the mass colour of the flowers. , ^ ; 

’ ' z 2 



Miss M. WheMale and I&. Bf) U. Bassett, 

anthocyamia from the flavone, i.e., that the hydroxyls of the darooes may 
he protected by sugar, so to speak, and only after hydrolysis oan changes 
take place at these points, there is no very definite evidence as to ^e 
number of sugar molecules attached to flavones in the plant. Careful 
isolation and analysis would be necessary to ascertain the actnal condition 
in the living plant, owing to the great ease with which hydrolysis takes 
place after death. 

Bed and magenta anthocyanin have been obtained by us from AntirrMmm, 
in a fairly pure state, and certain derivatives have been made. The foot 
that these, as well as the pigments, are practically amorphous indicates that 
they probably have very high molecular weights. The lack of melting 
points in the pigments supports this view. 

In a recent paper Keeble, Armstrong, and Jones* bring forward an 
hypothesis to explain the loss of colour when coloured petals are treated 
with strong alcohol, and the subsequent restoration of colour when they 
are treated w^h water. 

The phenomena recorded are as follows : — ^When coloured (anthocyanin) 
petals of Stocks (Maithiola) are placed in strong alcohol, some pigment passes 
into solution in the alcohol, which at first is coloured hut fairly rapidly 
becomes colourless. The petals also become colourless though more slowly. 
When the colourless petals are taken out and placed in water the colour 
returns ; in hot water the recovery is more rapid. When the extract is 
filtered from tlie petals and evaporated to dryness on a water>bath the colour 
rutums to the residue. In addition we have noted that colour returns to 
the alcoholic filtrate on dilution with water, and this also happens even 
after evaporation to dryness and taking up again with alcohol. 

The above phenomena are exhibited by most pigments of the anthocyanin 
class, and have been noted by various authors working on anthocyanin, 
among whom may be mentioned Hansen, t Moli8Cb4«nd Cliafe.§ 

The hypothesis brought forward by Keeble, Armstrong, and Jones to 
explain these phenomena is the following: — ^The peftals contain an oxydase 
and a reducing agent, which is probably not an ensyme. The oxydase is 
responsible for the production of anthocyanin from the ohroraogen, and the 

* Keeble, F., Armatrong, E. F., and Joaee, W. N., “Hie Formation of the Anthooyan 
Figments of Plants. Part IV,-~'!nie Ohromogens," ' Roy. See. Proc.,’ 1918, B, voL 96, 
p. 808. 

t Hansen, A., ‘ Die Farbstoffe der BlUtban and Frliehte,’ Wifrabmig, 188*. 

I Molisoh, H. J., “Ueber amorphes und krutalliaiertes Anthokyani'* 'JBot. Zeit.,' 
Leipdig, 190d, vol. 63, p. 145. 

§ Orafe, V., “ Stndien ttber das Anthokyam— Ulttheiiang 8," ‘(Ktab, Ak. Wias. Wiaa,' 
1911, voL 120 (1), p. 766. 
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redttoiug cogent reverses the reaction. With a decreaae in amount of 
water in the cell the reducing agent becomes active and the oxydase inert, 
hut with an increase in amount of water the oxydase becomes active and its 
effect is greater than that of the reducing agent. Henoe, when petals are 
treated with strong alcohol the oxydases can no longer function, and the 
reducing agent is then able to reduce the anthocyaniu to a colourless leuco- 
eompound. On addition of water the oxydase again becomes active and 
re-oxidises the leueo-compound. 

Such is the hypothesis, but we are not clear as to the explanation offered 
by the authors for the reappearance of colour in the alcoholic solution apart 
from the petals. Two alternatives offer themselves. First, that both oxydase 
and reducing agent are extracted by 95-99-per-cent, alcohol and are present 
in the alcoholic extract and that neither is affected by heating to 100° C,* (in 
spite of the fact that extraction by absolute alcohol and resistance to heat is 
not characteristic of oxydases), and that, although the authors quote 
experiments to prove that the oxydase can oxidise to some extent in 
96-per-oent. alcohol, the reducing agent is more jwwerful in this medium. 
Or, tliat the reducing agent alone is extracted by alcohol and its influence 
is removed by evaporating the alcohol or by diluting, when re-oxidation occurs 
merely on exposure to air. If the latter be the case, the presence of the 
oxydase is superfluous to the recovery of colour in the petals themselves. 
We must also conclude that the reducing agent is very widely distributed, is 
unaffected by temperature of 100° 0., and can only act in presence of alcohol. 

To us the reduction and oxidation hypothesis appears directly opposed to 
essential experimental facts, although the original production of anthocyanins 
in the plant is, in all probability, either partly or wholly due to the action of 
ati oxydase on a chromogen, most likely a flavone or xouthone. 

In our experiments, various coloured petals of Stocks were used, and these 
were the flowers also used by Keeble, Armstrong, and Jones. 

Experimentally we found that the same results are given both by the 
decolorised petals and by the alcoholic solution. 

We find that it a little acid is added to absolute alcohol containing 
decolorised petals, tire usual red colour reaction of acid with an antfaocyanin 

obtained both in the solution and in the petals. Moreover the same result 
is obtained eqttally well when dry hydrochloric acid gas or dry hydriodio 
acid gas is. passed through the alcohol. Also, contrary to the observations of 
Keeble, Anaetrong, and Jones, we find that prussic acid gas, acts qtiite as 

e I« 8 later paper (»Tene«, W. N^, “The Fomation of Anthooyaa Figmeats. Part V.— 
Th* Chrotuegena of White Floweiu," ‘ Boy. Soc. Proc.,’ 1913, B, voi 8C, p. 318) the author 
dSffniteiy atatea that oxydase ia destroyed by bailing SO-per-ooit. aloohoL 
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well as any other acid, which would not be the case it an enxyme were 
responsible for the restoration of colour. 

In any of these cases when the anthoeyanin restored by acid is made 
alkaline, the greenish colour reaction of anthoeyanin is obtained, showing 
that the restored colour is actually due to anthoeyanin. The greenish 
reaction is also produced directly when a drop of a solution of caustic soda 
in absolute alcohol is added to the alcohol containing the decolorised petals. 

If water is boiled to expel oxygen and carbon dioxide, and/while still hot, 
a stream of hydrogen is bubbled through it, this water, while the hydrogen 
is still passing, restores the colour to decolorised petals. In this case the 
medium is neutral. 

It is not conceivable that oxidation can take place in all these experiments, 
particularly in that with dry hydriodie acid gas. Clearly also water is not 
necessary for the change, and another explanation for the restoration of 
colour must be sought. 

Further, if reduction is the cause of decolorisation, the conditions in some 
of these oxpciriments are exactly those most suited for the continued stable 
existence of the leuco-compound8,ao that it would seem that this explanation 
mast also be abandoned. 

There may be a reducing agent present in the petals, but its reducing 
power cannot be responsible for the loss of colour in alcohol. 

In support of their theory that reduction is the cause, Keeblo, Armstrong, 
and Jones, in a later paper,* quote the fact that an exJtract from the petals is 
reduced to a colourless state by treatment with zinc dust and acid, and that 
the colour is restored by exposure to air. We would note in passing that 
this does not seem to be simply a reducing action, as we find that the 
restored colour is much fainter with acetic than with sulphuric acid. This 
observation has been made previously by Kastle,f who also does not consider 
it simply a reducing action. Untreated anthoeyanin gives exactly the same 
colour with acetic as with sulphuric acid. 

A point we wish to emphasize, however, is that we find the slightly acid 
solution to be easily decolorised warming with a little hydrogen peroxide 
and colloidal platinum. The colourless oxidation product m formed is 
unstable, and the colour is restored if the solution is made more strongly 
acid, 

* Eeeble, F., Armstrong, E. F., and Jeues, W. N., “The Formation of Anthoqyan 
PigmentH in PlanU— Part VI » * Roy. Soc. Proc,,’ 1013, B, vol. 87, p. m. 

+ Kaetlo, J. H., “A Method for the Determination of the Atoifcie* of Acid« 
metrically by Means of certain Vegetable Colouring Mattere,” ^ AmeT, C^em, Jour»./ 
1905, vol. 33, p 46. 
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Since anthocyanin can thuB bo decolorised by oxidation' as vreU as by 
rednotion, in each case giving a product in which the colour is easily restored, 
there is as much reason, on the evidence of these experiments, to postulate 
one process as the other for the cause of decoloiisatiou by treatment with 
alcohol As a matter of fact, the conditions in both experiments are so 
different from those obtaining when petals are treated with alcohol, that 
probably neither experiment has any real bearing on the question at all 

That an alternative to the reduction and oxidation hypothesis can be 
offered, is shown by the parallel series of changes produced by using phenol- 
phthalein solution, made red by ammonia, as a pigment. This red solution is 
decolorised by alcohol and the colour restored by diluting largely with water 
or by addition of a drop of alkali. On evaporating the decolorised alcoholic 
solution to dryness, a red residue is obtained. As it happens, phenol- 
phthalein is colourless with acids, while authocyanin gives colour reactions 
with both acid and alkali. Apart from this accidental difference, the two 
cases are strikingly similar. 

Without wishing to insist on the parallel too rigidly, it would seem that 
the two series of phenomena might well have similar explanations. The 
present authors tentatively offer two alternative suggestions without 
attempting to decide l>etween them. 

It may be that strong alcohol dehydrates the authocyanin, giving a colour- 
less compound, and that colour is restored by subsequent addition of two 
radicals, either H and OH, or some other pair, such as H and I. Such an 
effect might perhaps be accounted for by the production in authocyanin of a 
lactone grouping. A somewhat similar explanation has been advanced to 
account for the phenolphthalein changes.* 

Or, the loss of colour when the petals are treated with alcohol may be due 
to combination of the authocyanin with alcohol to an unstable colourless 
compound, which is easily decomposed by various reagents. A similar 
explanation has been advanced by Hantzsch to account for the differently 
coloured solutions given by certain substances in different solvents. 

A few minor points in connection with the above work may be considered, 

First, Keeble, Armstrong, and Jones state that the restoration of colour to 
petals is oooelerated by a drop or two of hydrogen peroxide either in acid or 
alkaline medium, and, further, that the reappearance of colour is not due to 
the acidity or alkalinity of the medium, because the original colour, purple, 
red or pink in differently colored petals, is first restored, and the acid or 
alkaline authocyanin colour only appears later. 

* Meyer, E., u. Speagler, O., *» S5ur Constitution dw PtUletosake,” ‘ Ber. D. Oham. 

1605, vol 38, p. iai8. 
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Since we find that the retam of eoloar in water is atwaje aoeefentted by 
acid or alkali, we suggest that the acoeleratioa by hydrogen peroxide is 
merely a function of the amount of acidity or alkalinity of the medium in 
which the hydrogen peroxide is dissolved. Moreover, althon^ the exceed- 
ingly small amount of acid or alkali which at first diffuses into the 2 ^tal from 
the very dilute solution may be sufficient to accelerate the actual return of 
colour, it is not sufficient to give the usual acid or alkaline coloration with the 
anthocyanin present. Farther addition of the hydrogen peroxide solution 
would, and in fact does, bring about this result. In support of this, we 
observe that the extract, which at once comes into contact with the full 
amount of acid or alkali, immediately gives the acid or alkali colour, and not 
the original purple, pink, etc., of the petals. 

To confirm this suggestion we carefully neutralised some laboratory 
hydrogen peroxide, which is, of course, always decidedly acid, and foimd that 
this neutral reagent actually retarded the recovery of colour as compared 
with control Experiments on decolorised petals in cold, hot, or very faintly 
acidified water. 

This result is not surprising in view of the decolorisatiou of petals by 
hydrogen peroxide and colloidal platinum, already described in this paper, 
and, we think, clearly demonstrates that the oxidising properties of hydrogen 
peroxide have nothing to do with the recovery of colour by the use of this 
reagent when it has not been neutralised. 

Secondly, the same authors state that the purple coloration of a petal can 
be restored by re-oxidation in an acid medium. For this purpose purple 
petals of Stocks are incubated with 99-per-cent, alcohol with just enough 
citric acid to render the alcohol aoid. The petals become almost decolorised, 
but retain a faint pink colour. When transferred to distilled water the 
pigment is reproduced in considerable quantity, at first red and then purple. 

We should explain the {dienomeuon as follows : The purple pigment is 
rendered colourless by the alcohol, hut, owing to the presence of a small 
quantity of citric acid (which is very slightly dissociated in alcohol), tlm 
colour does not entirely disappear, and the solution remains pink. Trans- 
ference to water restores the colour, which is at first red, owing to the 
iucreaseil ionisation of the citric acid by the water that soaks into the petal. 
After a time the acid diffuses away into the surrounding vmter, leavii^ the 
liquid in the petals practically neutral, when the pigment becomes porple. 

Finally Keeble, Armstrong, and Jones note that when the colour is 
restored to petals by immersion in water, and the colour is allowed to ^Ifhwe 
out of them, coloration is again restored by transferring them to hot water, 
and this process may be repeated two or three times. ■ 
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They hold that the suooessive restorations of uolour are due to fresh 
supplies of chromogen being produced by the plant under the influence of the 
hot water, and that each fresh amount is then oxidised to anthocyanin. 

We suggest that these phenomena are explained by the fact that though 
a certam amount of pigment diffuses out into the water, a large proportion 
of tliat which was originally present is retained by the coagulated proteins of 
the petals, of course in the colourless state. It is the successive liberation 
of fractions of this retained pigment that accounts for the fresh production 
of colour in hot water, and not a new formation of chromogen. 


On the Heat Production Associated with Muscular Work.* 

By R. T. Glazbbkook, M.A., F.R.S., and D. W. Dyb, B.Sc. 

(Received December 1, 1913, — Read January 22, 1914.) 

On reading Prof. Macdonald's paper it appeared that it might be interesting 
to see if his results connecting the heat production and muscular work could 
be expressed graphically or by means of some simple formula. The tables 
in his paper give the' heat production in calories per hour of a number of 
individuals when doing a carefully measured amount of mechanical work on 
a kind of treadmill or cycle. This amount of work is kept constant for each 
group of observations in the paper. Table I gives his average results. 


Table L 



Heohctnioal 

Hefi6 produotion. 


work. 

' 

From obsepTation. 

From formula. 

0»ottp A 

1.3 

182 

170 

B 

10 

m 

202 

0 

48 

sm 

206 

■ D ! 

66 

946 

047 







On plotting these as is done in fig. 1, it is clear that the points lie very 
ajipTOxiinately on a straight line, and it is easily seen that |the equation to 
this Une,nmy be written 


H » 1284 


W 


0-256’ 

* A. Note on Prof. J. S. Macdonald's pH>er, aupro, p, 96. 


( 1 ) 









On the Hmt ProdKCtim Amoeiated vtrUh Muecideir Work, Sit8 

w 

or, more generally, H = Ho + — , (2) 

where H is the heat produced, W the work done, and Hq, X constants which 
have on the average in I*rof, Macdonald's experiments the values 128 and 
fl^266» Ho is clearly the heat produced when the mechanical work done is 
zero, and arises from the motion of the limbs and the processes occurring in 
the body. 

The fourth column of the table gives the results calculated from the formula. 
But this is only an average result. It was clear from Prof. Macdonald's 
figures that the relation depended on the person doing the work, and we 
proceeded to plot the corresponding curves for the various individuals. These 
are shown in fig. 2 ; and thpugh of course the number of observations is not 


Table If. — Tabtilation of Experimental Eesulta (separated out in relation to 

the particular weights). i 





MeanurementB from curTos 




fig. 2. 

Weight, M. 


Work, W. 

Heat produceii, H. 




Bo. 

, A. 

Icgrm. 


Cali, per hour. " ’ 

C»l8. })«r hour. 

' 


! 

, 19 

177 

1 


*3 7 i 

43 

279 


\ 84 

0*218 

1 

66 

340 


1 



r 

18 

160 

1 



64*6 


19 

43 

193 

2H0 


► 107 

0*244 


1 

36 

885 

J 




f 

18 

169 

1 



66 7 ^ 


^84^*6) i 

(212) 

(244) 


^ 114 

0 *260 



48 1 

266 

J 

■ 


68 -8 

18 

48 

181 

I 298 

} 

0*206 

f 

19 

i 212 

1 



ao-6 ^ 


43 

817 


1 142 

0*268 

1 


6C 

847 

J 





18 

186 

\ 





19 

216 




61*9 \ 


(84 *6) 

(266) 


‘ 188 

0*266 



48 

806 





.. 

66 

848 

J 




r-' 

18 

209 

1 



607 - 

■ 

48 

824 


[ 161 

0*280 


66 

862 

J 




The flgtiwtt in parentheiii ate from a paper in * Brifc. A««oo. 1^12, p. 286, 
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very large in each case for a given individual, the relation between heat and 
work ia satisfied by a linear equation and can be expressed by the abdve- 
formula, with the dijBferenoe, however, that H# and X depend on the individual* 
and are not the same for all the persons tested. Table II gives the resnlts- 
and includes figures taken from an earlier paper in the B. A. Beport for 1812, 
The quantity X measures the slope of the curve. 

The next stop was to investigate the relation, if any, between the quantities 
Ho and X and the weight of the man denoted by M and measured in Wlo- 
grammes. On plotting the values of X against the mass in kilogrammes a» 
is done in fig. 3, we found that the points again lay very well on a straight 
line and that the equation to this line was given by 

X SB 0 08 + 0-003 M. (3> 



This quantity measures the ratio of the work done to (H — Ho), the heat, 
employed in doing this meohanioal work, and for a man of 60 kgrm. 
weight has the value 0-28 or nearly one-fourth ; the efficiency of such a man 
is about 26 per cent. 

On plotting the values of Ho against M as in fig. 4 we again found that a 
simple linear relation given by 

Ho* -^188+4'6M 
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satiefaotorily held for all the points but one. Thus the heat a man generates 
by moving his limbs in a regular manner without doing external work is 
equal to the difference between 4'6 times his weight and a constant. 

The one exception to the law was in the case of a boy weighing 43'7 kgrm. 
who had no experience of cycling and whose earlier experiments were omitted 
in consequence by Prof. Mewsdonald. 



Fia. 4. — Belation between tniisi M and Ho (pedale turning ; no load). 


If we now sum up the results, putting the valued of Ho and X from (3) 
and (4) into our formula (2), we find 

The curved obtained from this formula for different values of W are given 
in fig. 6, and the experimental results are there plotted. 




. ■ ' ' "V ' : ' ■ 
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The same results are tabulated in Table III. The differences between the 
results given by the formula and those found from observation are, with 
the exception of the boy of weight 43'7 kgrm., in no case large, and ^t 
would appear that the relation 

H = (6) 

where a, I, u, y8 are constants having for Prof. Macdonald’s experiments tlie 
values given in formula (5), expresses, within the limits of experimental 
error, the relation between the work done, the heat produced, and the weight 
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of a man. It is olear of course that the equation cannot be pressed too far ; 
as to the value of the result found, we do not feel ourselves competent to 
judge. The work may, however, be of interest as an example of the analysm 
of somewhat complex experimental results by simple graphical methods. 


Table HI. — Calculated Values of H by Equation (6) for the various Constant Bates of 
Work, W.usod in the Experiments, and the corresponding Observeii Values of 


Mass. 

, 

W « 

0. 

W « 18. 

W « 19. 

> 

i 

, 

W - 66. 

kgrm. 

Calo. Ho. 

Obs. H. 

Oalc. H. 

Obe. H. 

Oalc. H. 

Obfl. H. 

Calc. H. 

Obs. H. 

Cftlc. H. 

Obft.H. 

0 

-188 


24 


99 


898 

lb 

662 


i 20 '0 

- 48 


46 


88 


259 


852 


48 7 

69 


120 


149 

177 

263 

279 

319 

346 

; 64*6 , 

108 


161 

160 

186 

198 

284 

280 

888 

886 

i 55-7 

118 


166 

169 

190 


287 

286 

840 


1 68 '8 

127 


178 

181 

201 


295 

298 

840 


60-6 

184 


184 


206 

212 

299 

817 

348 

847 

: 61 -9 

141 


190 

180 

212 

216 

808 

8oe 

862 

848 

1 66*7 1 

162 


208 

209 

280 


816 

824 

362 

852 

: 80 0 

222 


208 


281 

1 


866 


897 



On the Fossil Floras of the Wyre Forest, with Special Reference to 
the Geology of the Coalfield and its Relationships to the 
Neighbouring Coal Meas^ire Areas. 

By E. A. Newell Abbbb, M.A,, So.D., F.O.S., F.L.S., Trinity Collie, Cambridge. 

(Communicated by Prof. T. MoKonny Hughes, F.B.S. Eeceived May 20, — 

Bead June 6, 1913.) 

(Abstract.) 

In the absence of any detailed knowledge of the geology of the Wyre 
Forest Coalfield, the area may be temporarily sub-divided into four regions. 
Fossil floras are described from three of these : from the horizon of the Sweet 
Coals in the Highley area in the north, from tbie unproductive beds of the Bowles 
Valley in the centre, and from the horizon of the Sulphur Coals of the Sonthem 
or Mamble area. On the evidence of the plants the Sweet Coal Series is 
shown to. belong to the Middle Goal Measures, while the Sulphur Coal Series, 
oVeitlying the Sweet Coals tmoonformsbly, belongs to a h%hw horizon, the 
Ttansition Coal Measures. The Bowles Valley unproductive measures 
ai^ shown to be Middle Coal Measures, which are there over 1000 feet in 
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tliicknese. Tlie Middle Coal Meiisure flora of the Forest inclndes 

55 speoieH, of which three are new, two of them being new epcxjies of 
SigUlaria., and one, a new type of seed-impressioD. Four other plants are 
new records for Britain, The Transition Coal Measure flora is smaller, but 
includes 20 species, of which one is a new British record. 

It is shown that both the Middle and Transition Coal Measures of the 
Wyre Forest Coalfield consist of red-grey measures with Espley rocks. In 
the Transition Coal Measures i^frorSfs-limestones also occur. The distribution 
of these rocks is considered in detail. 

The Wyie Forest is discussed in relation to the other coalfields of the 
Welsh Borderland. The lower or productive measures of Coalbrookdale, and 
also the coals of the Titterstone Clee Hill are shown, on the plant evidence, 
to be Middle Coal Measures. A species of Cordaidadus new to Britain is 
described from the latter coalfield. It is pointed out that the Coalbrookdale- 
Wyre Forest field really consists of four distinct coalfields, in part super- 
imposed on one another. Two of these, the Lower Series of Coalbrookdale 
and the Sweet Coal Series in the Wyre Forest, are of Middle Coal Measure 
age. These are quite separate areas, and are in part overlain nnconformably 
by two other coalfields of Transition Coal Measures, one connecting Coal- 
brookdale and the Wyre Forest, and the other confined to the southern part 
of the Wyre Forest, overlying Old Red Sandstone. 

It is contended that the coalfields of Shrewsbury, Le Botwood, Coalbrook- 
dale, Wyre' Forest, Titterstone Clee Hill and probably Newent form a related 
Series, which, with the exception of the Lower Series of Coalbrookdale, is 
quite distinct litholc^ically from the Midland and Southern Pennine coal- 
fields. If this is the case, it is pointed out that the tdieories of the originally 
continuous sheet of measureB, and of subsequent excesdve denudation of the 
Welsh Borderland, are inaccurate hypotheses, which should be abandoned. 


Intermittent Vision. 

By A. Maiwkjk, F.R.S. 

(Received November 11, — Read December IL 1918.) 

(This paper is published in ‘ Prooeedings,' Series A, vol. 89, Ka 912.] 
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The Determination of the Minimal Lethal Dose of varioiis Taeic 
Substances and its Relationship to the Roily Weight in Warm- 
Blooded Aninmls, together with Considerations hearing on 
the Dosage of Drugs. 

By Gkorges Drkykb, M.D., Fellow of Lincoln College, Professor of Patholc^ 
in the University of Oxford; and E. W. Aikley Walkbk, D.M., Fellow 
and Tutor of University Collegts, Lecturer in Pathology in the University 
of Oxford. 

(Communicated by Prof. C. S. Sherrington, F.R.S. Iteceived Novemlmr 22, .1913, 

— Read January 22, 1914.) 

(From the Department of Path<ilogy, University of (.txford.) 

In the course of investigations on the production, distribution, and rate of 
di8<ipi)earance in the body of innuune substances, we were occupied in 1908 
and previous years with a series of experiments on agjlutinins, and we 
arrived at conclusions pointing to their close relationship to the blood and 
blood-forming organs (1, 2). In association with these inquiries, one of us 
(G. D.), together with W. Ray, published a communication on the relation- 
ship between the blood volume and the distribution of agglutinins within 
the circulation (3). 

It was there shown that the concentration of this substance (agglutinin) 
in the blood after inoculation into an animal was proportional to the body 
surface of the animal concerned, and was thus approximately proportional to 
the two-thirds power of the weight. Hence was deduced the conclusion that 
the blood volume of the animals exanuned was proportional to their body 
surface. 

The recognition of this relationship between surface and blood volume 
made it clear that the assumptions hitherto made use of in attempting to 
determine dosage for the administration of therapeutic eubstanoes such as 
antitoxins and drugs required complete revision, at any lute, in so far as 
the activity of; these substances might be supposed to be dependent on their 
oonoentratioQ in the circulating blood. Subsequently the surfaoe relation 
(W*) was taken up by B. Moore (4) in an interesting communication dealing 
the dosage of dmgs, and especially with the therapeutic action of 
atoxjrl and various other compounds of the heavy metals in the treatment of 
trypanosomiasis. Moore came to the conclusion that, in regard to these 
drngSi tblemupce was limited by the sutface area of the umoous membrane of 
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the alimentary canal. This, in his opinion, offered a valid explanation of tiie 
fact that it is often difficult or impossible to adnunister effective doaee of 
these drugs to large animals, since these animals do not tolenUie the doses 
which would be required to produce the same concentration in th«r blood 
as is needed for successful therapeutic action in small animala 

The observations on agglutinins had already led us to the conclusion that 
the concentration of inoculated drugs and other foreign substances dis- 
tributed in the blood plasma would necessarily be proportional to the 
surface of the animal, since it was shown that the blood volume was alwa,y8 
proportional to the body surface. And this fact would equally apply within 
any given species to an iuternal surface such as that of the alimentary canal. 

The blood volume formula had, however, immediately and seriously been 
called in question (6, 6). Accordingly, it was necessary to turn aside from 
the problems in hand until the criticisms offered bad been carefully 
examined, and the relationsliip of blood volume to the surface area had been 
adequately lionfirmed. This, so far as we are able to judge, has now been 
done (7). 

Accordingly, we now proceed on the assumption that the blood volume of 
warm*blooded animals is a function of their body surface, and is given by the 
formula B =s W*/A:, where n is approximately 0’72, and ifc is a constant to 
lie ascertained for each particular' species of animal. 

Using this assumption, we find that the minimal lethal dose of a long 
series of substances of widely different origin and composition can satis- 
Hactorily be expressed as a function of the body surface. The series of 
.substances which have been found to follow this law includes not only 
organic bodies both of animal and vegetable origin, but also a number of 
inorganic compounds. 

It follows that we are entirely in accord with the main conclusion reached 
by Moore in his very suggestive discussion of the subject, namely, titat 
dosage must be proportional to body surface (in warm-blooded animals). 
But, in view of the results which follow from the application of tire blood 
volume formula, we are unfortunately not in a position to agree with tlie 
line of argument by which he deduces this oonoluston from a consideration 
of the area of the alimentary tract Moreover, we are quite unable to admit 
as satisfactory the explanation which he offers of the foot that drugs which 
are successful in the treatment of various species d small animals are not 
successful in the case of species of large size in any dose wluc^ omi be utdl 
with safely. For reasons which will be given below, the ex^lanatioh of 
these facts appears to us to be deperident on a spec^ 
intolerance, as the case may be, in different species d hot 
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the dijfecenoe in their sue or relative area of alimentary surface as suggested 
by Moore. 

In proceeding to discuss our owu examination of the subject of the 
present communication, w^o begin by endeavouring to show how the dose of 
a given poison which kills animals of a particular species in a given time is 
related to the weight of the individual. 

For this purpose certain experiments with diphtheria toxin, the full 
details of which will be found in a subsequent |>apcr (“ An Analysis of the 
Problem of the Minimal Lethal Dose, etc.”), are mode use of, and some of the 
results obtained are given below. 

In the case of diphtheria toxin, if the death time (3J days) which is 
usually taken in the standardisation of this substance be made use of, it is 
found that for guinea-pigs which die in about 80 hours the lethal dose 
expressed as a percentage of the weight works out as follows : — 

For animals of between — 

200 and 250 grm. weight, about 6.0 cu. mm. of Toxin B per 100 grm. 

310 „■ 370 „ „ 5-2 

415 „ 530 „ 5’0 „ „ „ 

Again, taking a death time of some 40 hours, it is found that in the 
lightest group of guinea-pigs the minimal lethal dose per 100 grm. of weight 
is about 6'6 cu, mm. of the toxin, in the group of medium weights it is about 
6‘2 ou. mm,, while in the heaviest group it is about 6 cu. mm. 

Hence it follows that, for individuals of differing weights, the minimal 
lethal dose cannot be rightly expressed as n percentage of the body weight 
This fact is, of course, well known to those familiar with the routine 
estimation of toxicity. 

In Tables I and II are given two groups of animals, the one group 
consisting of light individuals and the other of heavy ones; where the 
dosage expressed in per cent, of body weight was approximately. the same. 

The average weight of the animals in Table I is 234 grm., the average dose 
per 100 gm. is 6‘3ou. mm., the dose estimated in relation to the surface area, 
and oaiouiated from the expression J) xb df W®‘”» where d is the actual quantity 
of the drug introduced, is 201 on. mm, and the average time to deatii is 
',46hpur8. ' ■ , 

average weight of the animals in Table II is 425 grm, the average dose 
.per loo grm is again O'O ou. mm-, but the dose calcolated in relation to the 
Att^aioe aireia has increased to 34'3 oq^^ the average time todjoat^is 

8^ to be reduced to 37 boars. , It is, therefore, eyMent tliat when the 

made the same in light and heavy groups of 
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Table J. — Experimente with Diphtheria To-xiii B iu Gninea-pig (subontanebus 

injectioa). 

Group of Light Aninmie. 


No. 

No. 

of experi- 
ment. 

Weight 
of animal > 
xn grm. 

Aotnal cto»e 
df in 0 , 0 . 

Doee (D) in 
relation to 
•urfftoe K JO?. 



No. 

of hount to 
death. 

Doee in per 
cent, of weighty 
cu. mm. 
per 100 grm, 

X 

44 

216 

- 

0^01400 

2940 

42 

6*51 

2 \ 

48 

28C) 

0 01876 

2745 

1 '64 

6*99 

8 1 

42 

! 255 

0 '01676 

2920 

! 40 ; 

6-19 

^ 4 1 

45 

! 285 

! i 

0 01686 

8020 

f 

' 88 1 

1 j 

6*68 

ATOfaffe... : 

284 ' 

! 

! 0 '01471 

2900 

J 

6*31 




Table 11. — ExperimentH with Diphtheria Toxin B in Gninea-pig (Bubcutaneonn 

injection). 


Group of Heavy Animals. 


No. 

No. 

of experi- 
ment. 

Weight 
of animal, 
in grm. 

Actual dose 
d, in 0 . 0 . 

Boee (T>) in 
relation t o 
surface x 10? 

D « rf/W«-?*. 

No. 

of hours to 
death. 

Bose in per 
cent, of weight, 
cu, mm, 
per 100 grm. 

1 

■ 

28 

425 

0-08780 

1 

30 

«'66 

2 

82 

415 

0 '02715 

3525 

49 

6 -64 

j. 8 

33 

435 

! 0 '0284S 1 

8680 

80 

6-64 


86 

415 

1 0 '08480 

zwo 

44 

5*98 

i . 8 

1 1 

80 

486 

i 

1 0 '08600 1 

1 1 

3258 

32 

6*96 

Average 

426 

i 

0 -02682 1 

8420 

87 



6 ’81 


animals of the same species the lighter animals sarvive for a much longer 
period than* do the heavier. The explanation of this difference in death 
time is to be sotight in a comparison of the doses caloulated in relation 
to the surface. It is then seen that the dose thus calculated is much 
smaller in the lighter animals than in tlie heavier group. 

That this is a valid method of calonlating dosage follows from the fact that, 
under ordinary conditions, substances administered as drugs, to act after 
absorption into the body, must become diluted in proportion to the volume 
of the blood. They are carried to the tissues of the body throijj^ the 
medium of the plasma in a relative concentration which is deteemined by 
the volume of the circulating blood. But the volume of the blood is a 
function of the body surface. Accordingly, it follows ^t the conoehtra- 
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tion in the plaatna of any Bubetanee adminietered to animalB under like 
conditiouB in doses proportional to their body weights will be much le»e 
in the lighter animals than in the heavier individuals of the same species. 

On the other hand, if the doses be administered in i*elation to the body 
surface, their initial and their maximal concentration in tlie plasma will 
1)6 the same wlmtever be the weights of the individual animals concerned. 

The results brought forward for diphtheria toxin do not constitute an 
isolated instance in support of this view, that in any given species of 
animal dosage must bo used in relation to the volume of the blood. Yery 
numerous observations from the literature of toxicology which we have 
collected and analysed confirm the accuracy of this method of measure- 
ment. It appears to hold, so far as we have been able hitherto to ascertain, 
for a large number of Bubstanc.es of very diflerent constitution and of 
diverse mode of action in warm-blooded animals. Wherever a sufficient 
number of accurate data can be found the effect of dosage can be shown 
to be related to blood volume and surface area in any given species. 
Numerous results which have been thought to be inexplicable when the 
dosage was expressed in per cent, of body weight, except on the ground 
of special individual susceptibility or individual resistance, in reality give 
precisely the results which would have been expected had the dosage been 
expressed in terms of body surface. 

In the case of arsenic (AsaO^) in the rabbit tlie observations of 
Morishima (8) afford an interesting illustration. The data and the calcula- 
tions from these observations are given in Table HI. Here it is seen that 
the time of death shows no exact relation to the dose expressed in per 
cent, of weight, but it follows quite closely the dose in relation to surface, 
though animal 5 shows an irregularity in living longer than animal 4, 
It will, however, be seen that the average dose per surface of animals 3 
and 6, taken together, and their average time of death arc identical with 


Table III. — Arsenic (AsaOa) in llabbit, Morishiiua's Experiments 
(subcutaneous injection). 


No. 

Weight 
of aninml, 
ill grm. 

Actual do9c 
(c^), in ragrm. 

Dose (B) in 
relation to surface, 
in Yfigmi. 

1) « 

Ko. 

of hour# to 
dmih. 

Dose in per 
eottfc, of weiglit, 
nignn. 

per 100 gnn. 

^ 'I ■ ; 

1824 

8 -61 

4*S6 

00 

0‘68 

a 

1X08 

7 ‘72 

4-95 

QO 

0-70 


im 

10 ‘47 

5 *42 

84 

0*70 

■4 ■ 

im 

8‘«0 

5 87 

96 

0‘80 

6 

im 

■ i 

11 00 

6 ‘91 

108 

0*70 
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tbo suriAce dose and time of dottth of ojaiiual 4 , while Idw doeea in per 
oent. of weight differ by 14 per oeut Again, if we oompate the three 
animals which received equal doses, if the dose is expressed in per cent, 
of weight (viz., 2, 3, 5), the lightest one survives while the two heavier 
ones succumb. The explanation is at once evident on comparing the wze 
of the doses expressed in relation to surface. 

In Table IV is given another series of observations by Morishima where 
the injection was made intravenously. This method is, of course, likely to 
yield more precise results than subcutaneous inoculation, and it is seen that 
the effects of the doses, when the latter are expressed in relation to body 
surface, are remarkably regular and striking. On the other hand, when the 
dose is given in percentage of body weight, as was done by Morishima himself, 
the rime to death varies very widely in animals which received equal dos^ 
with the drug on his method of calcnlation. Morishima’s re.sulu m^ht be 
taken to indicate great individual diffbrenoes in susoeptibility in different 
individual animals. But such individual differences do not appear when the 
dose is calculated iu relation to blood volume and body surface. 


Table IV. — Arsenic (AhjOs) in Babbit, Morisbima’s £x|)eriments 
(intravenous injection). 


No. 

1 

Weight 
of Aialxnai) 
i in' gnu. 

i 

i 

i Actual dose 

1 (cf), in mgmi. 

! 1 

Hose ( D) in 
i*elAttou to ffurfaoo; 
in mgnu. 

D 4/W«‘W. 

No. 

of hours to 
doatl). 

1 > 0 M) in por 
cent, ol weighti 

1 

per 100 gm« 

1 

1136 

i « -SI 

4^80 

40 

0-60 1 

2 

3100 

' ?'78 

4 '71 

432 

0-66 

B I 

070 

i e’7» 

4-81 

48 

0-70 

4 i 

1166 

! SOS 

5*04 

21 

OtO 

6 

1062 

18 06 

6*82 

8 

0-70 

- . ' 
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Similar facts can readily be made out hrom various other experiraeate wbioh 
have been carried out with arsenical compounds by a number of observers. 

In the case of another heavy metaf cobalt, the same results hold good 
when the dosage is expressed in relation to surface instead of in .the osufl 
manner . as a percentage of the body weight. This fact has been detei^ned 
by an analysis of Meurioe’s experiments (9) on pigeons injected into the 
breast muscles with cobalt nitrate, Co(lirOs)i. This is of apeoisd intexest.in 
view of the fact that it has already been shown !u the experimeats whijidi we 
carried out in association with H. K. Fry, referred to eisewh<^(10), that 
tile b^ood volume of birds (like that of mammals) is proportional to their 
surftwe area. 
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Without farther multiplying detailed inatenoes it may be stid^d that we 
have obtained the aame reanlts on calculation from a variety of published 
obaervations on a number of different anhatancea adminiatered by various 
methods in different animals. Among these substances are sulpheUe of methyl 
Immum injected aubcutaneoualy in the rabbit’ and eodeing hydroehtoride 
administered by the stomach in the same animal (Omni Brown and Fraser 
(11)); sulphate of phyaostigma given aubcutaneoualy in rabbits (Fraser (12)); 
morphia and atropine sulphate adminiatered subcutaneously in the rat 
(Ba8hford(13) ) ; various make venoms — Vrait, Enhydrina valakadim, Enhy~ 
dris mrtm, cobra — inoculated in rats, rabbits, gninea-piga, and cats by 
different observers (Fraser and Elliott (14), Elliott, Siller, and Carmichael 
(lb), Madsen and Noguchi (16), and others); adrenalin both natural and 
synthetic in the mouse (Schultz (17)) ; tetanus toxin injected snbcutaneonaly 
in the mouse (Knorr (18) ) ; potassium, chloride (KOI) introduced intra- 
venously in the rabbit (Hald(19)); and caffeine subcutaneously, intraperi- 
toneally, intravenously, or by the montli in <logs,cats, rabbits, and guinea-pigs 
(Salant and Rieger (20) ). 

In view of the conclusions to which the results obtained with all these 
very diverse toxic agents lead, it seems clear that in aninutls of different 
size in any given species the dose recpiired to produce a given effect is related 
to the surface and blood volume of the animal and not directly to the bixly 
weight. That is to say, the smaller individuals require a relatively larger 
dose than the lieavier animals to prmluce the same effect. 

While we are not prepared to maintain that this constitutes a universal 
rule to which there are no exceptions, yet it follows from what has been 
already stated that it possesses a very wide application, and we have not up 
to the present met with any exception in the case of mammals and birds. 

Accordingly we conclude that if it is desired to administer comparable 
doseti of dmgs in warm-blooded animals of different size and weight in any 
given species, they must be calculated in relation to the body surface. 

It follows from this that if one administers any given toxic substance in 
doses such as will Mil each of the animals employed in almut the same period 
of time, one is now in a position to use animals of various size over a wide 
range of we%bt within the same species instead of only animals of one 
pUrtioalar «2e in carrying out experimental work upon toxicilj and lethal 
dosage. One is no lOn^r restricted to the ose of carefully selected animals 
of a given and standard weight, as has hitherto been the o<w», for example, in 
all dOtormihations of the strength of toxins as well as in the standardisation 
# ^ This tosalt will naturally prove of vahte in laoilitating 
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In case of cold-Uooded aninmU we are not at present able to put forward 
any definite statement ; but the problems which they present are under inves- 
tigation. 

As regards the influence of m> in warm-blooded animals, we iind an 
indication in our figixres thiit female animals require a somewhat smaller dose 
to produce a given effect than male individuals of oorresponding weight. 
This agrees with what has frequently been pointe<i out as the result of 
clinical exj>orience. The observation seems to find its explanation in the fact 
that the blood volume of female animals is slightly smaller (7) than that of 
males. For both tiie initial and the maximal concentration in the plasma of 
any drug administered by a given route in a series of animals of different size 
and weight will naturally be related to the volume of the plasma. Whatever 
be the rate at which it is selected from the plasma by particular cells, and 
whatever be the rate of its elimination from the body, the concentration in 
the blood plasma of any given substance must at every stage be related to the 
volume of that plasma in the individual animal concerned. Thus a given 
dose of any substance administered (in one and the same dilution) will reach 
a higher effective concentration in those individuals whose blood volume is 
less than in those in which it is gi'eaten 

The importance of this question of concentration may be illustrated by 
a reference to the experiments carried out by Hald (19) with potassium 
chloride. These showed that in individuals of equal weight the effect of one 
and the same dose of the active substance was greater, and manifested itself 
more rapidly, the higher the concentration in whicli it was given. 

In view of these considerations it becomes of interest to return to the ‘ 
question of the failure encountered in the treatment of trypanosomiasis in 
large animals with drugs successfully employed in the smaller species. 

If one compai'es the doses necessary to produce the same concentration of 
a given drug in the plasma of man and the rat, it can readily be shown that 
even if a man of 70 kgrm, could be given the same dose per kilogramme as a 
rat of 140 grm. weight — the figures selected by Moore in his disoussito^ — 
the concentration of the drug in the man's blood plasma would only be about 
75 per cent, of that obtained in the rat. Accordingly, the same therapeutic 
effect could not be produced. Man, however, cannot tolerate anything ap- 
proaching this degree of dosage, and hence the treatment which is otnative 
in rats becomes inapplicable in the human subject. But even these facts do 
not, as it seems to us, afford the whole explanation of the ditfioulty in question. 
For it appears that differences in tolerance and intolerance to particular sub^ 
stances in different species of animal are of a spedfio oharaoter and cannot be 
explained merely by relative differences in blood volume and body surface. ; 
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Xn proof of tlm, attention muBt be drawn to the fact that it is not alwaiys 
the larger species which are more susceptible than the smaller B^)ecie8 to 
dosage proiH)rtional to their relative body surface^ or even to their relative 
body weight. Sometimes the conditions are reversed. Thus, as is well 
known, a liorse infected with tetanus may found in apparently excellent 
condition and as yet exhibiting no symptoms of the disease at a period when 
its blood already contains enough tetanus toxin to kill a guinea pig injected 
with only a few cubic centimetres of the horse's serurn. Similarly in the 
case of rats and guinea pigs, rotlents of about the same size, the rat can resist 
several hundred times the dose of diphtheria toxin which will be fatal to the 
guinea pig within a few days. 

In the case of substanoes other than bacterial toxins similar examples 
showing a greater resistance in the larger species than in the smaller can 
readily be found, as for instance in the experiments of Meurice, already 
referred to (9), in Bock's experiments (21) with cobalt compounds, in 
Jodlbauer's paper on Tetramethyl ammonium chloride (22), in Fraser and 
Elliott's exj>eriments on Colbra venom and on Enhydriim venom (14), and 
in many other pharmacological investigations. It follows that drug suscep- 
tibility is by no means necessarily greater in the larger si)ecies than in the 
smaller, but on the contrary it is fiequently less. Act^ordingly, any general 
explanation of drug action in difiFerenfc HjMacies of animals, which is based upon 
the relative size of their surface, cannot l>e inaintaine<l. Only within one and 
the same sjwcies of animal will the surface relation prove a reliable guide in 
dosage. 

In this connection it is of some int^erest to consider brietiy formulee for 
dosage in the human subject such as have been made use of or suggested by 
various writers. For the sake of ease in calculation these have usually been 
based on the age of the patient, and most of them apj>ear to aim at givinj^ 
dosage in relation to the body weight. 

But in the case of the formula of Thomas Young, 1813, we meet the earliest 
example of dosage calculated so as to give younger individuals a relatively 
greater dose per unit of body weight than is given to adults. , Young wrote 
that ** for children under twelve years old, the doses of most medicines must 
be diminished in the proportion of the age to the age increased by twelve ; 
for example at two years old 1/7 = 2/(2 -f 12). At twenty-one tte full dose 
may be given. Y/V(23). 

We owe the exact reference to the kindness of I>r. A. J. Jex Blake; but 
how Young am ved at his formnla, Age/(Age 4- 12), it has not been possible 
to disopver from his writift^. However this may he, his formula actually 
gives for all ages from about four or five to about 16 a dosage fairly 
vou WXXVII.— B. 2 H 
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approximating to dosage by the surface area. But below tbe age of Ave yean 
the dosage by Young’s formula falls more and mote rapidly bdiow dose 
calculated in relation to body surface. 

We append a table showing the doses which would be given at different 
ages from 1 year to 21 years in a system of dosage calculated in relation to 
blood volume and body surface, taking the weights at the different i^;es as 
given in Vierodt’s tables, 1893. 


Table of Dosage. 


-Age. 

in 

Average weigKt, 
in grm. 

Do 0 e in reiittion to 
eurfuoe. 

I)of)6 a« a fraction 
of doAO for adult. 

21 

ei,200 

100 0 

{ 

20 

BOfiOO 

98*8 



57.600 

05*7 


18 

58.900 

OfiO 


17 

49.700 

86-8 


16 

45.400 

81*4 


15 

41.200 

76 1 


14 

87.100 

70 1 


18 

88,100 

64*7 


1 

29,000 

58*8 


( 11 

27,000 

65 *4 


i 10 

25,800 

62 *8 


1 9 

28,600 1 

50 6 i 

■i 

! 8 

21,S00 

47*3 I 


' 7 ! 

19,700 

44*6 


6 1 

17,800 

41*1 1 



16,900 

38*1 ! 


4 

14,000 

34*8 1 

i 1 

8 

18,600 

31*7 1 


2 

11,000 

1 88 *8 ( 


1 

9,000 

' 26 *1 i 

i 

0 

8,100 

1 21*8 1 

iV 




In the above table the dose in relation to the surface is given as calculated 
from the body weight, and poiutsare indicated where thecaloulated dose approxi- 
mates to a simple fiUction of the adult dose. These work out extremely 
conveniently for practical application. Thus at 16 years (approximately 
three-quarters of the adult age of 21) the dose is at 9-10 yean 
(nearly half the adult age) the dose is i ; at 3-4 years it may be given as f ; 
at 1 year of age it is i ; below that age it sinks to as little as of the adult 
dose. 

In conclusion we would draw attention to the fact that as long ago aa 
1818 Hufeland (24) gave the dose at fifteen yean as | and the dose at one 
year as though he placed the half dose at six yean of age instead of at 
nine or ten as our table makes it. Thus it appears that both he and Young 
already recognised the necessity of giving larger doses 
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would be proportional to body weight in the younger and smaller individuals 
of the species. On the other hand Billing (25) in a recent communication 
proposes a formula which approximates roughly to a dosage per kilogramme of 
body weight. This is a system of dosage the fallacy of which was emphasised 
by Moore. In view more especially of the considerations brought forward 
above, we venture to suggest that it should now be entirely abandoned. 


C<mchmo7is. 

1. In warm-blooded animals of the same species but of different weights 
dosage must be calculated in relation to the body surface. 

This result agrees with the conclusion already reached by Moore* though 
on different grounds. 

2. This statement is to explained on the ground that the concentration 
in the plasma of any given substance administered is dependent on the 
volume of the circulating blood, which is itself proportional to the body 
surface in any given species of animal. 

3. It follows that in the accurate measurement and standardisation of 
toxic substances and antitoxins it will now be possible to make use of animals 
of different weights within a given s^^ecies instead of using only animals of 
an arbitrarily selected weight, as has hitherto been necessary. 

4. Eesults in dosage calculated from one species of animal cannot 
directly be applied to another species merely by taking surface into 
due consideration, since tolerance and intolerance are specific cliarocters 
which are shown to be in many cases independent of the size of the species 
concerned. 

5. For the human subject dosage in relation to the surface works out very 


simply ae approximately 

— 



At 21 years 

Full dose 

At 3-4 years 

. ^ dose 

)l 15 „ , 

i .. 

V I .*» 

.. J .. 

fi-10 

1 »i 

In the early months .. 

• iV » 
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Experiments on the BeMoration of Paralysed Muscles by Means cf 
Nei've Anastomosis.* Part II . — Anastomosis of the Nerves 
supplying Limb Muscles. 

By Robkrt Kennedy, M.A., D.Sc., M.D., St. Mungo Professor of Surgery in 

the University of Glasgow. 

(Communicated by Prof. J. G. McKendrick, F.lt.S. Beoeived November 25, 1913, — 

Bead January 22, 1914.) 

(Abstract.) 

The part of the research into the anastomosis of nerves dealt with in this 
paper has reference to the restoration of function of a group of muscles in the 
limb. Following the early experiment of Flourens, several workers (Bawa, 
Stefaui, Howell and Huber, Cunningham, and the author) published investi- 
gations on the effects of nerve crossing, or the division of two nerves in the 
limb and cross suture of the ends. 

These investigations, while showing that restoration of function can take 
place through the composite nerve, and that even in the cerebral cortex the 
areas associated with flexion and extension become interchanged, left it 
doubtful whether in the event of one nerve being eliminated, the muscles 
supplied by it could be innervated by a neighbouring motor nerve, which at 
the same time could continue also to supply the muscles proper to it, 
performing thus a double function. 

The subject was investigated from this point of view by Kilvington, who 
published a series of experiments in which the external popliteal nerve was 
out and the peripheral segment anastomosed to the internal popliteal, and 
vice versd. He reports recovery of function after this procedure. 

Doubt, however, still remains as to the possibility of an extensor and 
flexor group of muscles recovering the oapaoi^ of performing co-ordinated 
movements under such conditions, as in the case of the hind limb of the dog 
* even when the sciatic nerve out high in the thigh has not united, the animal 
is able to use the leg in walking, the chief defect being that it walks on the 
dorsum of the paw. Also, in these circumstances, the foot is sometimes, 
possibly by accident, placed plantar surface down. Therefore the reported 
xaooveries after snoh experiments leave doubt whether the recovery is real or' 
f^iparent. In addition, it is impossible to investigate the ohanges in the 

* The «xpenw of this rMooroh has been defrayed by a Ooverameat Grant from the 
;Si(g^.8oQisty> 
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cortical representation in the case of the hind limb, as in the dog this is 
r^resented by a single centre. 

The author has performed five experiments in d<^ on the right fore-limb, 
which has the advantage, in the first place, that section of the nerves above 
the elbow paralyses the limb in such a way that it is impossible for the 
animal to use it for walking until recovery of co-ordinated movements 
occurs. This is then a very severe test. In the second place, the fore-limb 
of the dog is represented by two separate and distinct centres, one for flexion 
and one for extension, which are only exceptionally defective. 

The experiments are of two kinds, but are the same in so far that in all 
the musculo-cutaneous, median, ulnar, and musculo-spiral nerves were each 
divided above the elbow, and the limb thus completely paralysed below the 
elbow. Then the four distal segments were united to the proximal end of 
the musculo-spiral nerve, and the three remaining proximal ends left 
ununited ; or, on the other hand, the four distal segments were united to the 
proximal ends of the musoulo-outaneons, median, and ulnar, and the one 
remaining proximal end (musculo-spiral) left ununited. The limb was fixed 
in plaster of Paris as long as necessary. 

The following results were obtained : — 

A. Where the central supply was that proper to the flexor muscles 
(musculo-cutaneous, median, and ulnar), the first sign of recovery of the 
muscles was shown at 96 and 93 days respectively after the operation, and 
a satisfactory recovery, enabling the dog to run about, and in one case to be 
tkken for exercise into the streets, was reached at 126 and 123 days respec- 
tively. In the first case no interruption of the excellent recovery occurred 
as long as the animal was allowed to live, namely, 225 days, but in the latter 
case there was some trouble by the development of a slight flexor oontraoture 
which hindered the recovery up till the animal was killed at 187 days. 

B. Where the central supply was that proper to the extensor muscles 
(musculo-spiral), the first sign of recovery was at 81 and 69 days respectively 
in the two which showed recovery. In the first ease a pressure sore inter- 
fered with farther progress, but in the second case at 79 days the animal ran 
about normally, and was ,able to be taken out for exeroise in the streets 
without any fear of attracting notice. It inay be noted that althou^ in this 
form of experiment the muscles of the limb were supplied by the lesser 
number of nerve fibres, namely, those contained in the mnsculo-^tral, the 
recovery commenced earlier than when the three nerves normally supplying 
flexors formed the sole central supply, although in that case the gret^r 
numher of nerve fibres were available for the supply. This is explained as 
due probably to the earlier recovery of the extensors when the mUMolo-spind 
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was the oommon source of supply, thus enabling the leg to be earlier held 
extended, and therefore useful for walking. 

Each experiment was investigated before the animal was killed, as 
follows ; — 

A. Exainirmtwn of the Nerves . — In every case the union of the nerves had 
taken place as intended, i.e. no reunion of any nerve intended to be 
eliminated had occurred. Also it was found that when the musoulo-spiral 
trunk was supplying both flexors and extensors, it conveyed the fibres for 
the flexors and those for the extensors along different sides of the nerve, 
where they could be separately stimulated. 

B. Examination of the Brain . — In every case in which this examination 
was able to be made, namely, in one of the first type of experiment and 
in two of the second, the centre at which stimulation normally produces 
contraction in the muscles of the eliminated nerve supply was inexoitable, 
and in the other centre (either the normal flexion or the normal extension 
centre according to the type of the experiment) lioth flexion and extension 
were evoked, and at no point in the centre could separation of these move- 
ments be obtained. 

The operation which Niooladoni introduced for cases in which infantile 
paralysis has destroyed the function of a group of muscles presents the 
same problem as do cases of nerve anastomosis. This operation consisted 
of substituting for the lost muscles a portion of a neighbouring muscle so as 
to regain some of the lost function, and if the lost function or a part of it can 
be thus r^ained, it can only be by the nerve supply of the muscle from which 
the substitute is taken altering its function so as to cause the movement 
proper to the paralysed muscle instead of that normally belonging to it. 

A case in which the author performed this operation was carefully examined 
in order to exclude sources of fallacy. The function of the extensors in the 
leg was lost and a tali|)e8 equinus by contraction of the gastrocnemius was 
present. This was in a girl aged 7, and had lasted for six years. The extensor 
muscles gave no reactions to electrical tests. At the operation the gastroc- 
nemius was lengthened to overcome the talipes, and one-third was taken from 
the outer part of that muscle and attached in front to the tendtms of the 
paralysed musoles. Sixty-nine days after the operation the patient had 
power to extend the foot voluntarily, some eversion being produced at the 
same time owing to the line of action of the new muscle. The new muscle 
also stood out as a tense band while the voluntary movement was being 
perfcwmed. The two separate movements were also able to be evoked by 
galvanic or faradic stimulation over the two separate parts of the gastroo- 
BeinittS. After the recovery of voluntary extenmon a further examination 

2 c 2 
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oi the extensor muscles was made, and this showed that the movement of 
extension was not made by the extensor mnscles, as they were not able to 
be stimulated. A platinum electrode was also inserted into the extensor 
muscles through the skin, but no oontraotions could be produced in them 
either by the galvanic or by the faradic current. 

The following are the conclusions from the research : — 

(1) In the limb of the dog when the nerve supply of one group of muscles 
is eliminated, the nerve supply of its antagonistic group may be used to 
supply both groups, and under these conditions co-ordinated movements may 
be restored. 

(2) When two antagonistic groups of muscles in the limb of the dog have 
their nerve supplies cut and both groups then made to derive their supply 
from that of the one group, the group whose nerve supply is utilised probably 
will be the first to recover. 

.(3) Recovery of function of antagonistic muscles is slower to occur when 
one nerve supply is eliminated than in the case of nerve-crossing experi- 
ments where no nerve is eliminated, but where the supply of the two 
groups is crossed : and this delay is caused by reduction in the former case 
of the total volume of the nerves supplying the limb, and possibly by greater 
difficulties of adaptation in the brain to the new conditions. 

(4) Where in the dog one nerve has been made to supply not only its 
own but also the antagonist of its own muscle, the nerve fibres passing to 
the two muscles in the nerve trunk proximal to the junction may be so 
completely separated that it may be possible to stimulate each group without 
affecting the other, producing thus at will contraction either of the one or 
of the other muscle, both being now supplied by a single central trunk. 

(5) When two groups of antagonistic moscles in the limb of the dog are 
represented by separate cortical areas, and when the nerve supply of one of 
the groups is eliminated, both groups being caused to be innervated by the 
remaining nerve supply, the cortical area corresponding to the eliminated 
nerve supply becomes inexcitable, while the other cortical area on stimulation 
causes contraction in both groups of muscles. 

(6) Where one group of muscles is paralysed, and a portion of an 
antagonist muscle is detached from its insertion and attached to the tendons 
of the paralysed group, this substitute for the paralysed group may enable 
the function of that group to be performed to a certain extent, and the 
function recovered by means of this prooedure is probably controlled by 
the same adaptation in the central nervous system as occurs in the case of 
nerve anastomosis. 

(7) The adaptation in the central nervous system which aUows restoration 
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of function to take place after nerve anastomosis is not due to a simple 
re-education process, as there is no evidence of this during recovery, but is 
probably due to an alteration in the centres under the influence of altered 
afferent impulses from the muscles, the brain thus having the capacity 
quickly to adapt itself to such alteration. 


Variations in the Sex Ratio of Mub rattus Associated with an 
Unusual Mortality of Adult Females, 

By F. Norman WHrtE, M.D. (Loiul), Capt. I.M.S. 

(Communicated by Prof. C. J. Martin, F.R.S. Received November 28, 1913, — 
Read January 22, 1914.) 

At the commencement of June, 1911, whilst engaged on plague epidemio- 
logical observations in the United Provinces my attention was drawn to the 
fact that nearly all the young Mm raXtm that were being trapped and 
examined by our staff in Lucknow were foxtiales. It was this strange 
phenomenon, the parallel of which I had never encountered during a five 
years' experience of plague research in India, that prompted the inquiry, 
the results of which are briefly set forth in this paper. 

A few words explanatory of the methods employed in the daily routine 
examination of rats will show the nature of the material at my disposal. The 
prime object in trapping and examining large luiinberB of rats was, of couree, 
to ascertain how far facts thus collected would assist us in solving the plague 
epidemiological problems with which we were faced. The species, sex, and 
weight in grammes of each rat caught were noted ; the address of the house in 
which the rat was trapped and the number and species of fleas found on it 
were recorded. The sex of each rat was noted after dissection of the animal, 
and if it were female a further note wets made as to the existence of 
pregnancy. If pregnant the number of foetuses was likewise written down. 
Finally, any pathological or other condition calling for comment was fully 
described. 

All this information, which was in the first place recorded on cards, 
one card for each rat, was at the end of the day's work entered in a 
register. Weighing the rat was done in a specially constructed spring 
balance, by means of which the weight in grammes to the nearest multiple 
of 10 could be readily and accurately ascertained. I wish to emphasise 
the fact that the sex of the animal was noted only after dissection, so that 
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mistakes under this head were very unlikely to occur. A young female is 
uot always easily differentiated from a young male by external inspection only. 

Under ordinary oircumatanoes M. rattus would appear to be slightly 
polygamous. Some observers have stated that it is very markedly so, and 
explain the fact that about equal numbers of males and females are usually 
caught by the alleged shyness of the adult female. This point I have 
carefully gone into and believe the allegation has no foundation in fact. 
As will be shown later, about equal numbers of males and females appesur 
to be born under normal conditions. When adult age is reached there is 
either a somewhat enlianood mortality amongst males as compared with 
females or else males are more wary and so less readily caught. It should 
be noted also that females aie as readily caught at the height of the breeding 
season as at other times. 

In the presence of severe plague a condition of marked polygamy is some- 
times met with. I believe this to be chiefly due to the fact that plague is a 
more fatal disease to male than to female rats.* When polygamy is marked 
rats are scarce or difficult to trap ; on the other hand, when the rat population 
is very large the numbers of the two sexes trapped appear to be more nearly 
equal. In support of these statements Tables II-V have been produced. 

(1) Ballia district ; Here plague is always present and rats, probably in 

oonsequenoe, are very difficult to catch. Out of 4626 M rattus caught 
during 10 months 2660 were females, a proportion of *77 males for every 
100 females. If the rats be separated into two groups, young and adult, 
considering half the rats of 90 grm. and all those of lesser weight as young 
and the remainder as adults, the degree of polygamy prevailing amongst the 
rats of Ballia is seen to be even more marked than the above figures indicate. 
Of the 1675 young rats 948 were male and 632 female, whereas of the 
2650 adult rats 1618 were female and only 1032 male. In other words, 
there were only 63 adult males for every 100 adult females {see Table V). 
The rats were obtained from places scattered all over the district • 

(2) Coimbatore Town: Has suffered from repeated but not very severe 
epidemics of plague. M. ratim appears to be scarce ; the catches were very 
small. Here of 8889 M. rattus 2072 were females, 88 females for every 
100 males (see Table IV). Here again the excess of females over ntales 
affects adults only. 

(3) Cawnpore: Here rats were extraordinarily numerous. When our 
observations started a mild epidemic of plague was drawing to a close. No 
acute rat plague was, however, met with. During the previous few years 

* See 8rd Plague Beport, 1007, ‘ Journ. Hygiene,’ voL 7, p. 760, and 7th Plague Beport, 
IfflS, ‘ Joum. Hygiene,’ vol. 12, p. 266, Table VII. 
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the city had almoat completely escaped plague, though in the more remote 
past its epidemics had been extremely severe. Our very high catches 
indicated a very large rat population and a complete recovery from the 
onslaughts of plague. In Cawnpore of 61,181 M. rattus examined in one 
year 26,838 were females, i.e., 98 males for every 100 females (see Table II). 

(4) Banda Town has never suffered from epidemic plague. M. rcUtvs was 
present in very large numbers. In Banda of 10,127 rats caught during 
11 months 6174 were females, %.e., 96 males for every 100 females (see 
Table III). 

In Lucknow, in which city the very abnormal conditions, fully described 
below, were present, of 34,908 M. rattm caught during the course of one 
year 18,396 were females, t.e., 89 males for every 100 females (see Table I). 

Diaturbaiux m the Sex Batio of M. rattus in Lucknow and its BeadjustmeWt. 

A reference to Table I will indicate the nature of the phenomenon in 
Lucknow to which reference has been made. The table sets forth the 
weight frequency distribution of male and female M. rattus respectively 
for each of the 12 months from February, 1911, to January, 1912. There 
appears to have been some influence at work destroying adult females and 
sparing the males. This “influence” began its manifestations in March 
and produced its maximum effect in May and June. 

As if to compensate for the apparently wholesale destruction of adult 
females, females only appear to have been born. Tliese two processes, the 
destruction of females and the suppression of male births, proceeded 
pari paseu. In June not a single male rat below the weight of 80 grm. 
was trapped, whereas 610 females of less weight than 80 grm. were caught. 
As the numbers of adults of the two sexes began to approximate more closely 
the one to the other, young male rats were again trapped in increasing 
numbers. In November, December, and January, the sex ratio approximated 
to tliat normally pertaining. 

Such, in brief, are the facts ; satisfactory explanations of the phenomenon 
are difficult to come by. It may possibly be advanced that in the above brief 
recapitulation of observed facts I have assumed more than the facts warrant. 
The objection that is most likely to be raised is to the assumption that failure 
to catch adult females signifies destruction of females. The shyness of the 
female might account for the phenomenon. This point has been referred to, and 
it was partly to meet this objection that 1 studied similar facts concerning 
96,629 rats caught in various places. A reference to the tables of Cawnpore, 
Banda, Coimbatore, and Ballia rate will ^ow tlmt in no place other them 
Lucknow was such a circumstance observed. Female rats are ncrfi shyer or 
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more difficult to catch than males ; on the contrary, it is possible that males 
are slightly more ^^^^ary than females. As stated above the two sexes are 
normally pro<luced in equal numbers, though adult females are usually in 
slight excess of adult males. 

It may also te objected that the parallel assumption, that failure to catch 
young males signifies that no males are born, is not warranted by facts. 
This is admitted, but tlie only other explanation that I can offer is that 
the males were destroyed by their j)arent8 soon after birth (at a lesser 
weight than 10 grm., when it becomes just possible to trap them with 
the traps we employed, at about a week old). That the parents should 
have destroyed only the male offspring is, to me, less easy of credence than 
that only females were produced. 

It is a matter of regret that my observations did not succeed in throwing 
any light on the causes of the female mortality. Plague was certainly present 
until April, 1911, amongst the Lucknow rats, but it was not severe or wide- 
spread, and, as has been pointed out, plague is more fatal to the male than to 
the female. Whatever the cause was it was a widespread one in the city. 
The rats, caught from all pai'ts of Lucknow, represented as fair a sample as 
could be obtained. 

Further speculation on this interesting topic would not prove fruitful. The 
rapid readjustment of the sex ratio after so grave disturbance is, to my mind, 
the fact of chief interest. In May and June when hardly any females were 
produced there must have been an extreme degree of polyandry. 

From a study of weight frequency curves of pregnant females, I have 
concluded that for practical purposes 90 grm, represents a fair dividing line 
between young and adult rats of Lucknow (Table VI). Half the rats of the 
weight of 90 grm, can be considered young and half adult. Employing this 
approximation, there appears to be an interesting correlation between the 
excess of adult males over adult females and the excess of young females over 
young males for the same month.* 

In spite of the absence of any explanation of the facts the phenomenon 
described appears to me to be of sufficient interest to warrant its publication. 

♦ Mr. Major Gxeenwood, Jr., Statistician to the Lister Institute, has kindly supplied 
me with the approximate correlations between the sex ratios of mature and immature 
rats for the same month and also for certain sequences. The gmuplngs appear in 
Table VII and the coefficients in Table VIII. It will be seen that the negative 
correlation for data derived from one month^s records is slightly larger than when the 
records of successive months are combined, A possible explanation is that overlapping 
of different affected colonies produces an apparent synchronism of cause and effect, but 
the figures as they stand do not warrant any Inferenoe. The enonaons excess of young 
females in May and June is a statistically inexplicable fact. 
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Table II. — Gawnpore, 1911-12. 
M, raUu^» 
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Table IIL— Banda, 1911-12. 

M. rattm. 


Aigociated ivith cm Unusual Mortxdity of Adult Females. 841 


o asass2ssaa3saa*«*” i i i 




~~ § 


*> I I I I 








o 3?8^SSS33R2^SS?ll5ri*‘^”'’«« I 


«<i& 9 >KflOOA 9 vo>n»ree^^m 


t /5 « e-i « i-t (-» t-t.-ii-< *-• 




•O ^?;SISS;a?S:22*;:*32S®2’^'-'*’ I I 


O S9SR55S5229«SSS?t:?52‘'^^ I ! ! 


^> SS?gS?^a£!2*S2?52:?!$18®S*'^' = ^ 


o gg?3S?!;2aR2§SS®S3g^S352*'^ 1 I 


i = 


•« '^51«S3SS82SS55iSI?5JSS5g2'= 


CH 2gg2'2gS;?3Sfe*e«82’"** I I 


•0 «g28*«2S5^S§l8S««???;2Si:'*®"^ I 


o -S‘-*SI8®9$5s*iiS53£^*^*”'’ i i I 




o I M M I 


s«stssae|«§|§»S32*-^”'^'- , | | | t § 


I *0 I M I | 




In Xaj and June about ISO ‘‘adult*' lUte were sent to Bombav. In the idiove table, therefore, the rriatlmuhip between the numben of younc and adult rata is mialeadiBg. 
f pn^MUtioD of the two 9e*«, however, was not appreeiaWy afftcted by the |woceeding. 



342 Dr. F. N. White. Variatiom in Sex Batio of Mus rattue 


Table IV. — Coimbatore. 


Weight in grins. 

January to March. 

April to June. 

July to September. 

1 ^ 

j 9 

1 ^ 

9 

e 

9 

11-20 

1 29 

1 

38 

44 

80 

36 

21-80 

49 


78 

1 86 

119 

114 

-40 

62 

; 48 

50 

; 61 

72 

74 

-50 

46 

46 

68 

49 

87 

64 i 

-60 

82 

( 88 

48 

‘ 48 

76 

78 

-70 

16 

81 

80 

j 84 

72 

71 

-SO 

18 

30 

29 

! 4» 

62 

06 

“90 

14 

80 

! 88 

60 

68 

72 

-100 

11 

86 

1 61 

68 

46 

94 

-110 

18 

as 

21 

i 57 

88 

80 

-120 

14 

i 82 

81 

1 69 1 

52 

B8 

-130 

; 18 

1 16 1 

21 

i 29 

40 

66 

-340 

1 9 

! 11 1 

23 

15 

87 

38 

-■‘150 

11 

1 7 , 

16 

14 

20 

27 

-360 

1 6 

1 a 

18 

11 

28 

9 

-170 1 

6 

1 2 

i 15 

7 

27 

10 

-180 

6 1 

i 0 

i » 

0 

15 

6 

-100 

1 

1 

* 

1 

9 

1 

-200 

1 


1 

1 

3 

1 

-210 

1 




2 


! 220 

1 




0 


1 -280 







-240 

1 


i 




j -260 j 

1 ! 

1 

1 






' Total* < 

862 

416 

677 

678 

878 

978 

\ [ 

778 1 

! 

1265 

1 

1866 


Table V. — Ballia. — Consecutive rats caught between Januaiy 23 and 

October 6, 1911. 

M, rattm. 


Weight in gnus, , 

S 

9 1 

Weight in grms. 


9 

11-20 

102 

82 

1 

leo 

74 

142 

21-80 ! 

isa 

171 

170 

67 

80 

-40 

147 

189 

180 

49 

61 

-50 

127 

186 

190 

61 

84 

-60 

98 

116 

200 

58 

28 

-70 

127 

109 

210 

34 

9 

-80 

110 

118 

220 

21 

1 

-90 

100 

184 

280 

4 

2 

-100 

127 

155 1 

240 

1 

0 

-130 

89 

168 ' 

250 

0 

0 

-120 

128 

222 i 

260 

0 

0 

-180 

102 

248 I 

270 

0 

0 

-140 

108 

224 1 

280 

0 

1 

-160 

74 

182 ! 

r 
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Table VI. — Lucknow. 
M, rattus. 


Weight in grms. 

Number 

pregnant. 

. 

Number of 
females. 

Per cent. 

Number of 
foetuses. 

Average. 

51-60 

6 

1097 

0*6 

81 

5 1 

61-70 

29 

1026 

2 '8 

185 

4*6 

-80 

70 

995 

7 

371 

5*8 

-00 

120 

917 

13 

014 

6 1 

-100 

161 

971 

16 *5 

772 

6*1 

-110 

200 

968 

20*6 

1185 

6*6 

-120 

308 

1208 

26 

1670 

6*6 

-180 

420 

1648 1 

26 

2444 

6*7 

-140 ! 

428 

1378 

30*8 

2509 

5*9 

-150 

869 

1084 

84 *7 

2154 

6 

-160 ' 

292 

778 

37 *6 

1796 

6*1 

-170 

806 

678 

44*8 

2000 

6*5 

-180 

184 

I 279 

48 

866 

6*4 

-190 

101 

187 1 

54 

667 

6*5 

-200 

40 

80 1 

50 

272 

6*8 

-210 1 

21 

1 39 

68 ‘8 

118 

6*6 

above 210 

82 1 

1 ^ i 

66-6 

217 

6*8 


Table VII. 


Weight in 
grins. 


? 

Total. 

00 or less 

April, 

106 

561 

667 

Beyond 90 

948 

681 

1624 


1049 

1242 

2291 

90 or lees 

May. 

86 

677 

662 

Beyond 90 

1180 

699 

1779 


1266 

1 U76 1 

1 8441 

90 or less 

March 

807 

686 

889 

1 Beyond 90 

j 

984 

948 

1982 

i 

L. 

, 1291 

1 

1480 

2771 

1 


Weight in 
gnns. 

S 


Total. 

90 or less 
Beyond 90 

May-Ap 

85 

948 

ril, 

677 

681 

662 

1624 


3028 

1268 

2286 

May-March. 


90 or loss 

86 

677 

662 

Beyond 90 

984 

948 

1932 


1069 

1625 

1 2694 

April-March. 


90 or less 

106 

661 

1 667 

Beyond 90 

984 

948 

1982 


1090 

1609 

i 2599 

1 
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Table VIII. 


Source of Mature 
Bate (over 90 gnu.). 

Source of Immature 
Bate (90 grms. or lee*). 

Coefficient of 
Correlation.^ 

March data 

March data 

-0 -28^0 (H 

Ajyril „ 

April „ 

“0*70db0*02 

May H 

Mjiy „ 

-O'SldbO’Ol 

April „ 

May „ 

1 “0 '76^:0 *02 

March „ 

May „ , 

-069^0*02 

March „ 

April „ 

- 0 *62db0 *02 


* The ooeffioiente were detemined bj meant of Peareon’e approximate method ( * Phil. Trane./ 
A, Tol. 195| p. 16| equation Ivii) and the probable error aeiumed to be 3[0 ‘67449(1 


Tfte Conduction of the Pulse Wave and the Mecmirement of 

Arterial Pressure. 

By Leonard Hill, F.RS., James McQueen, and Martin Flack.* 

(Beoeived December 20, 1913, — Bead February 5, 1914.) 

(From the Physiological Ijaboratory, London Hospital Medical College, London Hoepital 
Research Fund ; and the Pathological Laboratory, Aberdeen University.) 

It is now well established that in cases of aortic regurgitation placed 
in the horizontal position the arterial pressure is considerably higher 
(50-80 mm. Hg) in the leg than in the ann.t Such pressures are taken by 
the sphygmomanometer, using the armlet method, the armlet being placed 
respectively round the calf and the upper arm, the disappearance and 
reappearance of the pulse wave being noted in the dorsalis pedis or posterior 
tibial curtery, and in the radial. 

In seeking for an explanation of this phenomenon it has already been 
suggested by ua| that the " lability ” of the arterial wall plays a considerable 
part, the term “ lability " being used to designate the ease with which an 
artery distends with a rise and recoils with a fall of arterial pressure. The 
effect of increased and of diminished lability of the vessel wall upon the 
conduction of the pulse wave has been demonstrated sohmnatically by 

* During tenure of Eliza Ann Alston Beseareh Scholarship. 

t Hill, Flack, and Holtzmanii, ‘ Heart,’ vol. 1, p. 78 (1900) ; also Hill and Rowlands, 
' Heart,' vol. 3, p. 222 (1918X 

1 Hill and Flack, ‘ Roy. 8oc. Proc.,’ B, vol. 86, p, 386. 
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Euseell Wells^ on rubber tubing made with a thickness of wall corre- 
sponding to an artery. While the lability effect has been shown by us in 
exposed arteries, in the body the main arteries are surrounded with tissues 
permeated with small arteries into which the blood pulsates. As the 
arterial wall is supported by the pulsing tissues the lability effects obtained 
on the exposed arteries cannot be directly ascribed to the same arteries 
in situ. Further investigation must be made on these. 

Now J. McQueen, Ingram, and I^onard Hillf have shown that there is 
an extraordinary difference in the pressure required to damp down the 
pulse wave in arteries such as the aberrant radial and the dorsalis pedis, 
where these run superficially and lie upon bone, os compared with the same 
or other arteries lying in the midst of pulsating resonating tissues. 
They suggest that the pulse wave is supported on its way to the periphery 
by the pulsing tissufts, and that the higher leg readings obtained in cases of 
aortic regurgitation may be due in part to tl)e better conduction of waves 
which have a high crest through the pulsating mass of the abdomen and 
thigh. The reading of pressure in the case of the aberrant radial or dorsalis 
is taken with the Leonard Hill pocket sphygmometer. The small bag of 
this instrument when pressed on the radial artery (embedded in the tissues 
of the forearm) gives the same readings as the armlet method. When 
pressed on the aberrant radial or on the dorsalis pedis a far lower reading is 
obtained, €.g,, in a youth 36 mm, Hg against 110 mm. Hg. 

We have constructed a wooden C-shaped box in which the arm can be 
suspended freely by a sling. If the armlet be placed round this box so that 
it presses on the front of the forearm, the obliteration of the pulse in the 
radial is obtcdiied by the same pressure as is required if the armlet be used 
in the ordinary way. If the forearm be put in the box wilh the radial 
border uppermost, and the simmnt radial be pressed upon by the armlet, 
then the pulse is obUterated by a pressure of 36 mm. Hg. Using the armlet 
in the uaud way the pulse is obliterated in this artery by 110 mm. Hg. 
In the one case tlm arteiy lying on bone is deformed by the armlet just as 
it is defonMd by the bag. lb the other case the pulse in the abemnt radial 
is not obUtemted until the systolic pressure in the tissues of the forearm is 
overcome* 

We haye woeatly iiives%ited several cases of ” high blood-ples^re and 
find the fnUowmg div^geil between the readings of the arm 

arteries, vm^ and the dorsalis pedis, the patienta being in the 

horisontil posture 

^ BuiiaH Wrifa and isooMd 1^11/ Boy. 

t J. McQueen, Ingram, and Leonard Hill, * Roy. Soc. Proc,,* B, vol. 87, p. SS6 (1813). 
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In a normal individual we have found also that the variation in pressure 
found on changing from the horizontal to the vertical position fully accords 
with the effect of gravity, and that this is so when the readings are taken 
from the dorsalis pedis or with the armlet round the leg. The dorsalis 
reading in the vertical posture is increased by the gravity pressure just 
as much as is the leg reading. 

The divergence in readings between the artery lying in tissues or 
exposed lying on bone has been fully substantiated by us iu animals. If 
we place round the neck of a dog an armlet connected with a recording 
manometer and at the same time record the blood-pressure in the carotid 
artery by a v. Basch C-spring manometer, we find that the pressure required 
to obliterate the pulse wave on the tracing of lihe C-spring is just about the 
same as the actual systolic blood-pressure. To graduate the C-spring we 
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connect it with the Hg manometer and force up the pressure till the writer 
of the C-spring reaches the crest of the pulse curve (fig. 1). 

We obtsin similar results on applying to the carotid artery {in sUu) 
of the oat the bag of the small Leonard Hill instrument instead of the 
armlet. 

On the other hand, if we place a long length of the exposed carotid artery 
on the convex surface of a watch-glass, we find that the pulse wave is 
obliterated by a pressure in the bag much less than before. For example, in 
a dog with an arterial pressure of 190 mm. Hg. it was found that with the 
armlet 190 mm. pressure was required ; in the same animal with the artery 
exposed but 60 mm. Hg. was required. In a cat we found — 

The systolic pressure was 65 mm. Hg. 

And with the artery unexposed 64 „ was necessary to damp 

down pulse. 

Artery lying exposed on muscles ... 26 „ „ „ 

Artery lying on scalpel handle (c/. 12 ., „ „ 

fig. 2 b). 

To elucidate the cause of this marked difference in readings we devised 
the following experiment : — A long length of cat’s carotid was exposed, the 
uppermost i)art ligated and divided. This end was first passed through a 
T-pieoe and then an arterial cannula inserted into it, which in its turn was 
connected with the O-spring manometer. As the artery passed in and out 
of the T-tube through a piece of rubber tubing, the latter could be constricted 




Vta.U. 


2 l> 
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BO as to prevent any considerable le^ of flnid from the T-tnbe. The artery 
in the T-tube was then surrounded by Binger’s eolation and the preBsure of 
this raised. Obliteration of the pulse wave occurred when the pressure in 
the T-tube reached that in the artery — 190 nun. Hg. (fig. 2a). The same 
exposed artery removed from the T-tube and placed across the dome of a 
watch-glass required but 27 mm. Hg (fig 2b). 

This experiment demonstrates the fact that the deformation of the arterial 
lumen is the prime cause of the obliteration of the pulse wave. When the 
artery is circularly and equally compressed by surrounding fluid, the pulse 
continues to come through until the full systolic pressure is overcome. In 
the case of the artery exposed and lying on a rigid surface, when the bag is 
pressed on it the arterial wall is pushed in above and bulged out at the sides. 
The lumen is thus converted from a circle into an ellipse, and resistance is 
offered to the pulse by the changed shape. The force of the pulse is spent 
ou the labile wall of the artery in front of this resistance. 

In corroboration of this experiment we have also found that if the finger 
be gently laid along the course of the radial artery and the bag of tbe 
sphygmomanometer pressed upon the finger until the pulse ceases to come 
through under it, a less pressure is required than without such interposition 
of the finger. This is because the finger brings about the deformation of the 
artery more easily than the bag. If the armlet be used and tbe finger be 
inserted under the armlet to palpate the artery, one finds that the pulse 
does not cease to come through under the finger until tbe full systolic 
pressure is reached. Thus the readings were 36 and 97 mm. Hg respectively 
in the case of a youth. 

In the aberrant radial aritety the pulse was obliterated by 
bag, by 85 using finger and bag, Using amlet and finger the radiid wag 
obliterated by 135 and using armlet alone by 136. 

A thin, distensible rubber bag iv^aied witih a pressure of air osn eamly be 
deformed from the sphericid to Optical or other shape without aiteufii^ 
the internal piesaure. The bag may thus be made to tidce a shape whieh f 
would give great resistanoe to the pases^ of a pulse wave cw flow of fluldi 
although the total volume and pressure of the Mr 
unaltered. : ' I 

In toe experiments on animMs (gos^ dog, eat) it was Icemd^ 
pressure requlrod to obliterato the pMse wave in the attny 

from 26 to 80 mm, Hg. To elaoidate the cause of the and l^^ 
readings we measured the pressure neoeesary tor the of the?>; 

pulse in the same exposed s^ry wito toe aiiitoM (oM) ‘m tow 
horizontal, and feet-down position. We found that the pressure neoessaty 
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to obliterate the pulse varied markedly witii dkstdie paressure within 
the artery 


■ 

■ 

Biftttalid preuiure. 

ObUtemtiott pvfMm. 


mm. Hg. 

mm. Mg* 

He»d-down... 

160 

48 

HorixontAl 

m 


Feet*dovH 

! m 

80 


The lability of the wall also plays a- part, since wifli the same diastolic 
pressure a higher pressure is required to obliterate the poise m the carotid 
artery of the dog or goat than in that of l^e oat. 

McQueen, Ingram, and Leonard Hill found that when the pulse in the 
aberrant radial artery was obliterated by a pressure in the bag of, say, 
45 mm. Hg, the blood still trickled slowly into the artery. We have made 
a cut into the exposed carotid of a cat and found that a pressure of 
26 mm. Hg stopped the visible flow ; a pressure of 20 mm. Hg allowed slow 
oozing from a very elliptical lumen ; while a pressure of 10 mm. Hg allowed 
the blood to spout freely through the incision. 

In the above investigations the remarkable fact comes out that the pressure 
required to deform the artery and to obliterate the pulse wave is considerably 
below even the internal diastolic pressure of the vessel, To investigate this 
phenomenon further, we compared the efieot of perfusing, with tlfe same 
pulsating head Of pressure, thin rubber tubing (about 0*7 mm. thick) and a 
length of human artery of approximately the same calibre and thickness of 
wall, and noting the external pressure required to obliterate the pulse wave 
The results are as follows 



Ryttolio 
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ObUtfTfkUoia 0f puUe, 
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140 

180 
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The rubber tribs rsmsted deformation, the labile , arterial wall suited 
deformation easily. 


2 D 2 
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'Via. A 


Via. a 


We then immersed a piece of the same robber tobing in xyld. The ttdtiog 
quidkly imbibed xylol and became swollen, less elastic, and more eaaiiy 




Pvlae Wave and the Measurement of Arterial Pressure. 351 

distended or defomed. Experimenting in the manner grith this 

xylol-soaked tube we obtained — 


SjrttoUe jHresotttv^ 

Obliteration pmenre. 

mm. Hg. 

188, 

mm. Sg. 


Thus the rubber tube by soaking in xylol was bronght to lesemble the 
artery. 



F(a. 6. 


Further experiments we have done on human kiteries are these : — 

1. We bandage the arm with a rubber bandage, place the armlet on the 
upper arm, raise the pressure in it above systolic pressure, and then 
remove the band^^ie— -‘the arm is left exsanguined. We now place the 
sphygmograph the weight extension method) in position on the 

radial artery, then let go the armlet. We dnd that the pulse curve returns 
slowly to its fui amplitude when the weif^t extension is 300 grm., whUe it 
returns almost jlBStantanebusly w!»n tl^^ weight is ISO grm. (see fig. 6, 
2 and 8). Whm the heavier weight is used the pulse wave does not lift it 
until tire tissues fill with blood and the peripheral resistance inoieases 
to sufth a degree that the systolic pressure in the surroundii^ tissues and 
artery overcomes the pressure of the ^hygmograph pad which is pressing 
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upon themi If the am be not exsangoiaed the pulse letanM at oade to its 
full amplitude in spite of the heavier extension wei^t (fig. 6, l)i 






Tio. 8. 


II. We surround the upper am with ioe, while the lower arm is immersed 
in hot water. After a few minutes the ohUterati<m pressure fe taken with 
the amlet on the flushed forearm, while the upper am is still encssed in ice. 
Under these oironmstances we have generally found that the pressure in the 
lower arm is 15-20 nun. Eg higher than it was before the experiment 
ice is then removed from the upper arm and the j^essnre guiokly taken 
with the armlet there. In this case the pressure is generally slightly lower 
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(3-5 miQ. Hg) than at the beginning of the experiment, In one case, when 
the application of the ioe had been so long that the skin of the arm had become 
red in patches, the pressure in the upper arm was lowered 20 mm. Hg. 

It is a remarkable fact that the readings obtained from the cold upper 
arm should be lower than those obtained from the flushed forearm. 

The tentative explanation we offer of these results is as follows. The 
vessels in the tissues of the upper arm under the influence of the ice are 
constricted and largely exsanguined, thus the artery is less well supported 
by the resonance of the pulse in these tissues, and is therefore deformed by a 
lower pressure than is required in the flushed forearm, where the resowmoe 
of the systolic wave is greater. At the same time the cold contracted 
artery in the forearm conducts the crest of the wave better to the fluidied 
forearm since it is less labile. The readings obtained from the cold upper 
arm show that the wall of the artery, even though contracted by cold, does 
not offer such a resistance to compression as to influence the readings. We 
(L. H. and M. F.) reached the same conclusion by methods we devised for 
testing the readings we obtained in cases of high blood-pressure.* 

Cmidusiom. 

We conclude that the armlet or Leonard Hill’s small bag, applied to the 
radial artery, give, under ordinary conditions, accurate readings of systolic 
pressure, the obliteration of the pulse being taken as the index. This is 
because the arteiy is surrounded by pulsing tissues and cannot be deformed 
until the systolic pressure is overcome in these tissues. The artery is equally 
compressed on all sides by a pulsating fluid pressure and the conditions are 
the same as when it is compressed in a glass T filled with Ringer’s fluid. In 
the dorsalis pedis, the temporal, or aberrant radial artery, where lying on 
bone and tendon, the pulse is obliterated by a pressure of the small bag much 
lower than the systolic pressure. This is because the lumen of the labile 
arterial wall is deformed more easily under these conditions from the circular 
to an elliptical shape, and the resistance to the passage of the pulse waVe 
thereby increased. 

The higher the diastolic pressure the greater must be the pressure of the 
bag to produce the required deformation. As the amplitude of the pulse 
wave depends so much on the sise of the lumen, it seems probable that the 
higher readings obtained in oases of aortic regurgitation are due in part to the 
lumen of the aorta, iliac and femoral arteries being relatively wider than that 
of the subclavian and brachial arteries. The pulsating (resonating) support 
given to the former arteries by the relatively massive abdominal organs and 
* ‘ Brit. Med. Joum.,' January 30, 1903. 
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the tissues of the thigh may also help to prevent the damping of the crest of 
the pulse waves. The leg arteries are probably held in a more supported 
state, less labile, and for this reason also the pulse will be conducted to the 
leg with less diminution in force. Siee of lumen, resonance and lability ate 
three factors which may all take a part in the production of this phenomenon. 
We have brought forward in this paper experiments which demonstrate these 
factors at work. 

This research was carried out with the aid of a grant from the jRoyal 
Society Government Grant. 


On the Floral Mechanism of Welwitschia mirabilis, Hooker. 

By Aethuk Haeky Church, Lecturer in Botany, University of Oxford. 

(Communicated by Prof. A C. Seward, F.B.S. Received December 23, 1013, — 

Read February 6, 1914.) 

(Abstract.) 

1. In the preparation of sectional schemes for the flowers of WelwUsekia 
mirahUis, in different stages of development, several points of interest were 
noted as tending to throw light on the previous history of this unique floral 
fortn. 

2. Evidence is adduced to show that the primary structural features of the 
flowers are referable to an anthostrobiloid condition closely comparable with 
that of Cycadeoidea, now expressed in a phase of minimum reduction, and to 
be regarded as an example of heteropbyletic convergence to a simple floral 
construction in the gymnospermic condition. 

3. Secondary features of biological interest are mainly consequences of 
xerophytio specialisation in the inflorescence; condensation of the wb<fle 
system to a “cone” necessitates the extreme flattening of the flower in tibe 
transverse plane, which has led to confusion in the interpretation of the feoto 
of development; the androecium is represented by a true whorl of six 
members. 

4. Similarly, secondary clisanthy in the o(me mechanism necessitates special 
features in the individual flowers, and accounts for the long exserted micro* 
pylar tube of the ovulate flower, and the protrusion mechanism of tiiestsmmal 
tube in the sterile flower. 
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6. The working mechanism of the latter is clearly indicated by lemaikable 
phenomena of the storage and subsequent disappearance of starch in the- 
androecial region ; while similar phenomena of starch storage and depletion 
in the gynmoial region illustrate the progression from a simple “drop- 
mechanism" to a copious exudation of sugar and the adaptation of the 
structure to entomophily. 

6. The nectary region of the ovule is retained by the gynoecium of the 
sterile fiower for the same function, and vascular bundles supplying fluid for 
this purpose are not necessarily vestigial. Entomophily is thus probably 
antecedent to dicliny. 


The Injlwnce of the Position of the Cut upon Regeneration in 

Gunda ulv®. 

By Dokothy Jordan Lloyd, B.Sc., Bathurst Student of Newnham College, 

Cambridge. 

(Communicated by J. Stanley Gardiner, F.R.S. Received January 14, — 
Bead February 19, 1914.) 

I. Introduction. 

In 1899 Halles (4) made the generalisation that the most important 
difference between the regeneration in Triolad and Polyclad Planarians was 
to be found in the fact that fragments of the former could regenerate in the 
absence of the central nervous system, whilst in the latter some portion of 
the cerebral ganglia must be present in order for regeneration to take place. 
Child (1) has confirmed the fact that the presence of cerebral ganglia, or at 
least intact nerve roots, is neoessaiy for regeneration of the anterior end and 
sense organs of Polyclads. The experimental work by the same and other 
authors has also established that, among Triolads, the genus Pkmaria is able 
to r^enerate completely in the absence of cerebral ganglia. The following 
notes, however, show that in another Triolad genus, namely, Ounda, anterior 
regeneration is, as in Polyclads, dependent on the presence df the central 
nervous systeno. 

The experiments described below were carried out in the Plymouth 
Laboratory of the Marine Biological Assooiation during the spring of 1918. 
I am greatly indebted to the director and staff of the laboratory for constant 
kindness during the course of my work at Plymouth. I also stand under 
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obligatioQB to the Koyal Society, the Zoological Society, and thei Uaivereity 
of Cambridge for the use of their tables at the Plymouth Laboratory. 

II. Material. 

The experiments were performed on members of the species Qu/nda ulvte. 
0. ulvcB is a small Triolad Planarian belonging, with other marine planaria, 
to the order Maricola, and to the family Gundidae (Prooerodidee). Planaria, 
the genus on which most of the work on Triclads has been done, is a fresh- 
water form (order Paliidioola). 

The structure of 0. ulvee is quite tj'pioal of all Triclads and has been 
described by Wendt (8) and Iijima(5). It contains the usual trifid gut, which 
opens at the point where the three branches meet into a protrusible pharynx. 
The mouth is situated near the hind end, rather more than three-fourths 
down the length of the body. The accessory genital oigans lie behind the 
mouth. The cerebral ganglia are about one-fifth the body length from the 
anterior end. Two nerve cords nm backwards from the ganglia, joining in 
the tail to form a complete ring. The two eyes lie in front of the ganglia, 
and at the front of the head are the so-called auricular processes, two in 
number. 

III. Experiments. 

A. Posterior Begeneration, 

Q. ulvat will regenerate tails completely either in the presence or absence 
of the cerebral ganglia. Text-fig. I, A, shows the levels at which outs were 
made. Eragments taken for posterior regeneration were head-pieces ADD, 
AEE, AFF ; middle pieces, BBFF and DDFF. Figs. 1-3 show the progress 
of tail regeneration in a worm out through the middle of the pharynx region 
(AFF). For worms out off in front of the pharynx (AEE, I, 4), it is 
essentially similar^ except that the newly regulated worm is proportionally 
smaller. The figures, which are drawn to scale, show quite clearly that the 
new tail is produced by a differentiation of the old tissue. 

The next group of text- figures shows the regulation of fn^mente taken 
from the middle of the worm. The characteristic difference in behaviour 
between the pieces with and without cerebral ganglia (figs. 6-7 and 8-10 
respectively) is quite apparent The former show regeneration taking place 
at both ends of the worm, finally resulting in complete restoration of both 
head and toil. The formation of tissue at the head end is seen to check the 
rate of growth at the tail end. In fragments without ganglia (figs. 8-10) 
no head is regenerated and restoration of the tail prooeeds as mindly as in 
the head-pieces (with ganglia) described first. Bestoraticm of posterior parts 
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takes place at any aboral surface from DD backwards and is independent of 
the presence of the ganglia. Fragment ABB, or fragments equally small 
taken from any part of the body, die without any regeneration. 



2 





1. Fragment AFF, 14 day# ; 2. Ditto, 28 daya ; 3. Ditto, 56 daya 4. Fragment AEE, 
32 daya 5. Fragment BBFF, 14 daya ; 6. Ditto, 28 daya ; 7. Ditto, 66 days. 
8. Fragment DDFF, 14 days ; 9. Ditto, 28 daya ; 10. Ditto, 66 days. A. Diagram 
of pointe of section. 


B. LaUrcU Begeiieration, 

Aaiimals bisected down the median line (text-fig. II) regenerate completely. 
The course of regeneration is shown in figs. 1-^. 

In animala beheaded and then bisected down the middle line (fragment 
PD), regeneration occurs along the edge of the lateral wound, but there 
is no replacement of the anterior end (text-fig. II, 8-11) unless parts of the 
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A 



Fio. II. 

1. Fragment AF, SO days ; 8. Ditto, 87 days ; 3. Ditto, 41 daya 4. Diagram of pobita 
of section. 5. Fragment CF, SO daya ; ft. Ditto, 41 days ; 7. Ditto, 68 days, 
a Fragment DF, SO days ; 8. Ditto, 88 days ; 10. IHtto, 41 and 68 days. 11. Same,, 
side view. 

cerebral ganglia are left in the fragment In this ease there is somn 
regeneration of tissue at the anterior end, but the heads produced are 
defective (text-fig. II, 6-7). 
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C. Anterior SegmeraiimK 

Anterior regeneration in animals ont anteriorly to the cerebral ganglia is 
quite complete (text-fig. Ill, 1-3). In cases, however, where the cut takes 
away more than about one-third of the ganglia, it is only partial. Forms 
with either two eyes or one are produced, the auricles in the latter case 
being fused (figs. 4 and 6). In animals cut behind the cerebral ganglia 




1. Fragment BBP, 14 daye ; 2. Ditto, 28 daye ; 8. Ditto, 41 days. 4. Fragment OOP, 
41 and 62 days. 6. Fragment OCP, 41 and 62 daya 6. Fragment DDP, 41 and 
62 days. 

no head formation ever occurs. These posterior pieces showed some change 
of form, as forward growth caused them to become helmet shaped (fig. 6). 
After two months these pieces stiU remained without any attempt at regenera- 
tion of the head. 

A number of headless pieces and defective headto were sectioned for 
examination of the nervous system, and the sections are shown. 
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It is obvious that in cases of incomplete regulation the central nervous 
system is incomplete in corresponding extent. 

D. Hettromorphk Forms, 

The culture which produced these forms was one of very sliort head- 
pieces where the cut had passed across the anterior part of the brain. The 
tail-piecds corresponding to these head-pieces also produced new heada 
The heteromorphic forms 20 days after section are shown in fig. IV. In 
cases where the out passed obliquely the new heads formed on the anterior 
end of the cut. This is shown in fig. IV (2). 




1 and 2. Fragment ACQ 20 daya 


A longitudinal section through a heteromorphic form is shown in fig. IX. 
The rounded shape of the section is due to the contraction that takes 
place when the animals are dropped into the fixing fluid. It can be seen 
in the section that about one-third of the complete brain is present. Two 
well-marked lierves run to the new eyes, and the portion of regenerated 
gut in the new head shows a beginning of the formation of the three branches 
characteristic of the front end of the gut of Q. vivos. The gut is full of a 
dark brown mass of broken-down tissue, and can be seen clearly in the 
whole specimens. 

E. Ikgoneration of Nervous System. 

In planarians, i.e., in P. torva (Flexner (3) and Schultz (7)) and Plamria 
{Dendrocoelum) lactca (Schultz (7) ) the new nervous system arises by cells 
from the parenchyma crowding round the out ends of the nerve cords and 
pushing up among the old nerve fibres, aided possibly by some outgrowth 
of the old fibres. This is also the method by which &. vlvce repairs uyaties 
to the nervous system. The nerve cords of G. vlvoe always show regeneration 
after a out, and in every case of tail-formation the new nerve fibres can be 
found reaching to the end of the newly formed tail at every stage of its 
growth, and within a few days of the cut joining at the hind end to form the 
posterior commissure. 
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After a loagitudmal biaectibn the brain will easily regenerate the removed 
naif, and the circuit of the nervous system is restored, often before the long 
wound has healed over. Transverse sections across the ganglia, however, 
are not followed by regeneration of the ganglia if more than about one-third 
of the brain is taken away. The nervo\is system forms a complete ring, and 
in every case, where this ring is broken, regeneration of the nerve cords takes 
place suflBciently to restore the circuit, though the cerebral ganglia may or 
may not be regenerated. 

Text-fig. V shows an animal (text-fig. Ill, 3) where the cut passed across 
the front of the ganglia, which were subsequently completely restored. Text- 
Fig. VIII (text-fig. 111, 6) shows an animal in which the out removed both 
ganglia. In such conditions the nerve cords grow forward and fuse, but no 
ganglia are regenerated, and the animals remain headless, Text-figs. VI and 
VII show two worms (text-fig. Ill, 4 and 5 respectively) where the cut has 
damaged both ganglia and where there is correspondingly defective restoration 
of the head. 



Fio, V.— Horiaontal Longitudinal Ssction through Complete Eegenerated Head, 41 days 
(text-fig. Ill, 3), ganglion ; nerve cord ; op.n., optic nerve, 
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iFio. 'VI. — Section tthvong^ Incomplete Begenerated Head, with two eyes, 6d days (text- 
! fig. Ill, 4). excretory canal ; ganglion ; g.y gat ; nerve cord ; o^.n., 

s optic nerve. 



iFift. VII.— Section tbroogh Inoewplete Begenerated Head, with one eye, fi4 days (teacb- 
fig. Ill, 5). e., eye ; gat ; ^a., gangHon ; optic nerve. 
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eie.c. 



Fio. VIII,— Section through Headless Form, 62 days (toxt-fig. Ill, 6). excretory 

canals ; g., gut ; nerve cords ; p«,c., parenchyma cells ; p.c., pigment oelk. 



Fio. IX.— Section through Heteromorphie Head, 20 days (toxt-fig. IV, 8). eye j g., gut ; 

ga., ganglion ; op,a., optic nerve ; pa.c,, parenchyma cells. 

IV. Discussion. 


As WM mentioned earlier in the paper, Child (1) has already shown 
that the presence of at least half the cerebral ganglia is necessary for 
eonihtte tiegeDecation in Leptopktna. The removal of more than half 
YOL Uxxmi.---R .. 2 b 
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the ganglia causes the production of defective beads. When ganglia and 
nerve roots are completely removed head-formation is entirely inhibited. 
The behaviour of Planaria dowtoeephcUa was found by Child (2) to be 
in direct contrast to this. Planaria dorotocephala under normal condi- 
tions regenerates the anterior end completely from any point of section. 
It is only when regeneration is suppressed by the addition of anfesthetios 
or potassium cyanide that defective heads are produced essentially similar 
to those obtained in Leptoplana and Chinda ulveB, i.e., heads with three to 
four eyes, or with a single median eye and with the auricles approxi- 
mated or even fused. With increasing defect of the external appearance 
Child has shown that there is increasing defect in the legeneration of the 
ganglia, e,g., in teratomorphic (Child) heads, with single median eye and 
fused auricles the cephalic ganglia are partially or completely fused ; 
in pieces in which there is no head-regeneration there is similarly no 
regeneration of the cephalic ganglia. In fact so closely does the 
parallel run that it seems almost justifiable to assume that in Le]^oplana, 
Planaria, and &umla head-regeneration is dependent on the presence of the 
central nervous system, and that the difference between them is found in 
the greater power of regeneration possessed by the central nervous system 
of Planaria. Planaria has another characteristic in which it contrasts 
strongly with the two other genera, and that is in its power of asexual 
reproduction. It seems quite likely that asexual reproduction and the high 
capacity for head- formation are both determined by the power of growth and 
regeneration of the central nervous system. 

In 0. ulwe the condition is found that the nerve cords can exhibit restora- 
tion by backward and forward growth after a out made at any part of their 
length, quite independently of the ganglia. The ganglia themselves appear 
incapable of restoring lost parts, unless one complete ganglion is present, and 
the restoration of complete beads only occurs if the ganglia are restored. 

Considering the inability of animals with badly damaged central nervous 
system to regenerate heads, the production of heteromorphlo heads on 
short anterior pieces is of great interest. These pieces contain only about 
one-third of the cerebral ganglia, yet the heads which they regenewte at 
the posterior end are complete with trifid gut, eyes and auricular processes. 
It will bo remembered that lai^ posterior pieces with defective cerebral 
ganglia failed to regenerate heads on the oral pole. 

In Planaria maciUata Morgan has obtained heteromorpbio heads at any 
point of section, provided that the fragments which be took were sufilciently 
short 

From these considerations it seems possible that the meehanism for the 
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restoration of the tail belongs to the body as a whole, while that for 
restoring the head is an entirely independent one, which may or may not 
be localised in some part of the body, notably the anterior end. Probably 
head-formation is dependent on the presence of some speoiSc substance 
which in Leptoplana and Ownda is localised in the anterior end, and in 
Planaria is found throughout the length of the body. It would be of great 
interest and possibly of great importance if a comparison of the relative 
number ef ganglia found in the nerve trunks could be made in these three 
genera, as it might produce some evidence for or against the suggestion that 
the head-forming substances may be localised in the central nervous system. 
At present Morgan’s (6) statement that pieces of Planaria mae/tdaia entirely 
devoid of nervous system are capable of complete regulation rather bears 
against the idea that the nervous system is of such great importance in 
regeneration. The facts presented in this paper do not justify a full dis- 
cussion of Child’s theory of the axial gradient ; all that need be said is that 
to make this work coincide with his hypothesis the axial gradient of G. vivas 
must be assumed to slope very steeply at the anterior end. Probably the 
idea that there is a sudden change in rate of chemical actions in Q. ulvee as 
one passes backwards from the anterior end is not antithetic to the idea of 
the localisation of some speoifio enzyme in the front of the body. 

Finally it may be noted that this work has disproved the suggestion made 
by Hallez (4) that Triolads and Polyclads each have their own method of 
regeneration, for G. viva, which is a marine Triclad, behaves like the Polyclads 
in its method of the restoration of the head. 

Summary. 

1. Begeneration of posterior parts is independent of the presence of the 
cerebral ganglia. 

2. Lateral regeneration behind the level of the ganglia is independent of 
their presence. In front of the level of the ganglia at least one complete 
ganglion must be present for regulation to occur. 

8. Anterior regeneration only occurs if the piece contains about two-thirds 
of both ganglia. 

4. Heteromorphio heads are formed by short head-pieces where the out 
has passed through the ganglia. 

5k G. viva differs from most other Triolads and corresponds to Polyclads 
in its mode of regeneration. 


2 s 2 
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Investigations dealing with the Phenomena of “ Clot ” Formations. 
Part II . — The Formation of a Gel from Cholate Solutions 
having Many Properties analogous to those of Cell Membranes. 

By S. B. SCHBTVKB. 

(Communicated by Prof. V. H. Blackman, F.B.S. Beceived January 22, — ^Bead 

February 19, 1914.) 

In the first communication under the above title,* attention was called to the 
fact that solutions of sodium cholate, on warming in the presence of calcium 
salts, set to a gel, which is not reversible on cooling. It has since been found 
* that calcium salts can be I'eplaced by other salts, such as sodium chloride, 
magneshim chloride, ammonium sulphate and potassium fluoride, and the clot 
formation is not therefore due to double decomposition between calcium salts 
and sodium cholate. The oonoentrations of sodium, potassium, and magnesium 
salts necessary to produce the “ clot ” are, however, much higher than that of 
calcium chloride, which even in the concentration of N /40 can cause 1-per.ceBt 
sodium cholate to set to a solid gel in about a quarter of on hour at 50*. 
Sodium and magnesium chlorides produce clot formation at 60* when their 

♦ ‘ Boy. Soc. Proc.,’ B, vol 86, p. 400 (1918). 
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cosicentratioKL is of about the order of half saturation* It is proposed to inves- 
tigate the relative clotting power of salt in greater detail later ; the present 
oommunioation deals mainly with the question of the infiuenoe of one parti- 
cular factor on gel formation, viz., on the surface tension of the solution,^ 

A preliminary account of the clot production by various calcium salts has 
been given in the first paper (toe. city It was then shown that in the case 
of calcium salts which increase the surface tension of water, increase in the 
concentration of the salt caused a diminution of the clotting time. In the 
case of the calcium salts which lowered the surface tension, however, the 
accelerating effect of the increase in the concentration of the salt was counter- 
balanced by the diminished surface tension of the solution. In two cases (those 
of calcium dichlomcctate and of the sulphocyanide) an optimal point was 
found* Increase in the concentration of the calcium salt above and below tliis 
point caused a lengthening of the time required for gel formation. In the 
case of calcium triohloracetate, the length of clotting time progressively 
increased with increasing concentration within the limits investigated.f 
Method of Experiment — The following was the method of experiment 
adopted : — 1 c.c, of a 4-per-oeut sodium cholato solution and 3 o.c. of the salt 
solution in the required concentration were heated in separate quartz tubes 
of 10 c.c. capacity in a themostat at 60®. As soon as the liquids had attained 
the temperature of the thermostat, they were rapidly mixed ; the salt solution 
was poured into the cholate solution, and the mixture was then poured back 
into the tube originally containing the salt alone. This was then clamped in 
the (transparent) thermostat and watched. The formation of oily globules was 
the first sign of clot formation. These at first moved vapidly in the liquid, but 
as they increased in size, motion became less rapid, until, finally, movement 
was hardly visible. At this point, at short intervals, steel balls of 3/32 inch 
diameter, such as are used for ball-bearings, were dropped into the tube at 
short intervals. The time of complete gel formation was taken as that at which 
a ball stopped dead before it had fallen half-way through the tube. The time 
was taken by a stop-watch, which was started at the moment of mixing the 
s(^utions. Even when the clotting time was 6 minutes, control determinations 
seldom differed by more than 10 seconds — they usually agreed with one another 
within 5 seconds. In the first series of experiments on calcium salts, the cholate 
solution was made by saturating N/lOO sodium hydroxide with cholalic acidj 

^ Throughout thk communicatiou by ** surface tension” is meant surface tension 
measured against air. 

f The surface tension of the salt solutions is affected mainly by the anions, The series 
of anions employed was that used in the investigatio&s on aggravation (*Boy. Soc. Fim/ 
B^voiaa,p.96(mo)). 

t Frepared pure by the author’s method (* Joum. FhysioL,’ vol. 44, p. 265 (1912)). 
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until a solution neutral to neutral red was obtained. An approximately 
4-por*cent. solution was obtained. It was found, however, that cholaHc acid 
is soluble in sodium dholate solution, the amount dissolving varying with the 
temperature. As this free acid inhibits the clotting, it was found that the 
clotting time of a solution varied from day to day. For all subsequent 
experiments, sodium oholate was prepared and a 4-per-oent solution was made 
directly from this. The oholate was made by dissolving oholalic add in 20 
times its weight of alcohol, neutralising this solution with sodium ethoxide, 
heating for a short time on a water-bath and filtering off the first separation 
of solid, and then evaporating the filtrate. Sodium cholate rapidly separated 
after a short time, and was filtered off, washed with acetone, and then dried, 
first on a water-bath, and then over sulphuric acid in a desiccator. It gave a 
solution in water, acid to phenolphthalein, but slightly alkaline to neutral red. 


Table I. — Clotting Time of 1-per-cent Sodium Cholate Solution (in secondB) 
in presence of Varying Concentrations of different Calcium Salts. 



3N/4. 

N/2. 

3N/8. 

N/4. 

N/8. 

OhloHde 

8 0 

14 

14 *0 

21 

84 

Bromide 

10*8 

14 

16*5 

21 

47 

Nitrate 

16 '0 

17 

87*0 

40 

02 

Iodide 

18 *0 

17 

20*0 

24 

41 

Sulphocyanide 

87 *6 

1 64 

47 0 

47 1 

1 70 

Formate 

IX *0 

1 14 

14 '0 

19 

! 88 

Acetate 

8*0 1 

1 10 

12 *0 

19 ! 

84 

Monoobloracetate 

i 24*0 ; 

1 26 

83 '0 

80 1 

1 77 

Biohlomoetate 

97*0 ! 

1 47 

83*0 

80 

62 

^riohloraoetate 

oc i 

1 

1 

1 Incomplete clot in 
26 minutes 

710 0 

170 I 

j 

122 

1 


lumrENOE OF Organic Compounds on the Gel Formation. 

Many attempts have been made within recent yeara to correlate physical 
properties of organic substances with their different biological actions, such as 
the production of exosmosia, hsemolysis, narcosis, etc. ; more especially, their 
effect on the surface tension of water has been stated to be intimately 
associated with the production of changes in the cell. Ozapek* (in his 
monograph, January, 1911) claims to have determined the surface tension 
of the membrane of certain plant cells by showing that exoemosis of tannin 
takes place, whenever they are immersed in solutions the surface tension of 
wliich falls below 0*681 (water as 1), The smaller the amount of a given 
substance necessary to reduce the surface tension to this figure, the lower is 


* Se« alto th« numerous papers by Tranbe. 




369 


Phenomena of “ Clot Formation8» 

the concentration of that substance which will produce exosmosis* The 
conceptions of Czapek have been subjected to severe criticism, principally by 
Vernon, who has shown that there are many exceptions to Czapek’e rule. 
Several substances, especially the narcotics and acetonitrile, produce 
exosmosis in solutions, the surface tensions of which are appreciably greater 
than Czapek’s critical jx)int, Czapek accounts for the exceptions to bis rule 
by ascribing to them some specific toxic property, 

Vernon has shown that a marked imrallelism exists between heemolytic 
and narcotic actions and the inhibitory action on indophenol oxydases of 
animal tissues, Batelli and Mile. Stern support Vernon's views in their 
investigations on the so-called oxydones and correlate the various toxic 
properties with the property of precipitating nucleoproteins.* * 

In view of the above-mentioned facts and the preliminary experience 
obtained from the study of the calcium salts as to the action of surface 
tensions, it was a matter of considerable interest to study the inhibitory 
action of various organic substances on the formation of the chblate gel, which 
is derived from chemically pure crystalline products, and which, in thin films, 
might be regarded as a structure analogous to the cell membranes. As 
a result it was found that whilst generally those substances which have the 
greatest power in lowering the surface tension of water have a greater 
inhibitory action on the gel formation, this rule is by no means absolute, 
and the chief exceptions are the laarcotics and acetonitrile, i,e, the very 
substances which deviate from Czapek^s generalisation. There is, moreover, 
a very close parallelism between the inhibitory action on gel formation and 
narcotic and other biological reactions. In the following experiments 
0*5 C.C. of calcium chloride was diluted to 3 c.o. with water containing a 
given amount of the substance under investigation, and this was then mixed 
with 1 c.c. of 4-per-cent, sodium cholate, and the clotting time was deter- 
mined by the method given above. The concentration of oholate in the 
mixture was, therefore, 1 per cent., and of the calcium chloride, If/8. By 
determining the weights as well as the volumes of the organic substances, 
and also the specific gravity of the solutions, the concentrations in gramme 
molecules per litre could be calculated. 


* ‘BiocheiD, Zeiteoh.,’ vol 61, p. 1 (igi3). 
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Table II. — Olottiog Time without addMon of Organic Sabstemoe, 17 sees. 


Per cent. 

(TOl.). 

0rm. 
mol. per 
litre. 

Clotting 

time, 

sees. 

Per cent. 
( toI .). 

Ohrm. 
mol. per 
litre. 

Clotting 

time, 

secs . 

Per cent. 

(TOl.). 

<31rm. 
mol. per 
litre. 

doting 

time, 

secs. 

1 Ethfl Aloohol. 

j Propyl Alcohol. 

laoprqpyl Alcohol. 

2*5 

0-487 

20 

1*26 

0-171 

21 

2*6 

0*884 

24 

8-76 

0*666 

81 

1-876 

0-266 

88 

8*76 

0*561 

99 

5*0 

0*876 

47 

2*5 

0*342 

72 

6 H ) 

0*668 

272 

6*25 

1*008 

66 

8*126 

0-482 

198 

6*26 

0*886 

676 

7-5 

1-812 

218 

8-78 

0*618 

406 

7*5 

1*002 

1710 

6 -76 

1*682 

614 

4*876 

0-600 

794 




10*0 

1*749 

806* 

6*0 

0-684 

1200 




11 -86 

1*968 

1190* 

5*626 

o 

o 

t 




Butyl Aloohol (Normal). 

Secondary Butyl Alcohol. 

Tertiary Butyl Alcohol. 

1-25 

0-187 

88 

1*26 

0*139 

27 

1*25 

0*186 

18 

1 6626 

0*171 

76 

2*6 

0-277 

196 

8*126 

0*889 

60 

1 -876 

0*206 

186 

8*126 

0-846 

646 

8-76 

0-407 

106 

2 -1876 

0*289 

883 

8-76 

0-416 

Ino.t 

4-876 

0*468 

270 

2*6 

0-278' 

442 



6*0 

0*643 

875 

2*6126 

0*306 

666 




6*626 

0*611 

610 

8 -12$ 

0*842 

Ino. 




6*26 

0*679 

790 







7 5 

0*814 

Ino. 

Amyl Aloohol. 

Secondary Amyl 

Alcohol. 

Tertiary Amyl Aloohol. ' 

0-887« 

0 096 

71 

1*26 

0*118 

66 

1 25 

0*115 

28 

1-26 

0*129 

210 

1*676 

0-169 

367 

1*876 

0*178 

78 

1*5626 

0*161 

460 

2*1876 

0*197 

810 

2*1876 

0*202 

186 




2*6 

0-286 

Ino. 

2*6 

0-280 

287 







2 *8126 

0-269 

862 







8-125 

0-288 

808 







8*25 

0*846 

Ino. 

Allyl Aloohol. 

Acetonitrile. 

Methyl Ethyl Ketone. 

1-26 

0*186 

21 

2*6 

0-496 

47 

2*6 

0*288 

59 

2-6 

0*876 

86 

8*75 

0-703 

114 

8*126 

0*360 

107 

8*126 

0-470 

45 

4*876 

0-867 

144 

8-76 

0*482 

178 

8 ‘76 

0-604 

185 

6*0 

0*991 

388 

4*876 

0*506 

862 

6*0 

0-762 

882 

6*626 

1-116 

607 

6*0 

0*677 

m 

6-26 

0-940 

810 

6*126 

1-289 

780 

5*626 

0*660 

910 

7*6 

1-128 

Inc. 

7*6 

1*406 

$ 

6*26 

0*721 

1267 







7*6 

0*864 

Ino. 

Methyl Propyl Ketone. 

Chloral Hydrate. 

Methyl Carbaminate. 




Per cent. 



Per cent. 



1*26 

0*121 

88 

^T^ 26 ^‘ 

0*086 

29 

(weijiht). 

0*888 

88 

1*876 

0-182 

46 

a 1*25 

0-076 

109 

8-76 

0*600 

60 

2-6 

0-242 

260 

1 *6626 

0*094 

210 

5*0 

0*666 

79 

2-8126 

0*272 

496 

1-878 

0*118 

916 

6 *26 

0*888 

266 

8-126 

0‘802 

607* 

2 -1876 

0*182 

II 

7*6 

1*000 

645 






8-76 

1*166 

>1800 


* With separation of oi^stali. 
t Not complete in half hour. 
t Ino. indicates incipient clotting in half an hour. 
§ Inc. with separation of emtah. 

II Not quite complete in half hour. 
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Tuble II— 


Ber oeat. 
(Tbl.). 

Qm, 
mol. per 
litre. 

0otting 

time, 

seofl. 

Ber cent. 
(toI,), 

G'nn. 
tnol. per 
litre. 

Clotting 

time, 

eeoe. 

Per oent. 
(TOl.). 

OhnoA. 
mol. per 
litre. 

Clotting 

time, 

•eos. 

Ethyl Carbaminate. 

' 

Propyl Carbaminate. 

Witte’s Peptone. 

OOTlt. 









(weight). 

0 140 

26 

1*26 

0*121 

36 

1-876 


218 

1-876 

0^210 

36 

1*876 

0*182 

93 

2*6 


360 

a -5 

0 281 

66 

2 *1876 

0*212 

248 

8*126 


670 

8*76 

0*421 

147 

2*5 

0*242 

800 

8*76 


1580 

4-876 

0*493 

296 

3*126 

0*808 

010 




6 0 

0*661 

664 





Phenol. 


6-625 

0*682 

760 






6 25 

0*702 

1448 




0-636 


166 





i 

1 


0 *9876 


560 


Chloroform. 

A solution of water saturated with chloroform at 17° contains 0'710 per 
cent. When 2’5 c.c. of this solution was mixed with 0 5 c.c. N. calcium 
chloride and 1 c.c. 4-per-oent. cholate solution, the clotting time was not 
appreciably longer than when no chloroform was present. By diminishing 
the concentration of the calcium salt to one half, the clotting time was 
230 seconds in the presence of saturated chloroform water (2’76 c.o. in 4 
s 0*041 grm. mol. per litre), as compared with 45 seconds, the clotting time 
in the absence of chloroform. The clotting time in presence of 0*064 grm. 
moL per litre amyl alcohol, and the same amount of calcium salt, was 
156 seconds, and of 0*038 grm. mol. per litre chloral hydrate 194 seconds. 
The inhibitory action of chloroform is therefore greater than that of amyl 
alcc^ol. 

Nilromethane. 

The action of nitromethane is anomalous. In the presence of 3*75 per 
cent, the clotting time is 23 seconds, in the presence of 5 per cent, it is 
67 seconds, and of 6*26 per cent, it is 42 seconds. It appears to behave more 
or less like an acid, for in the presence of hydrochloric acid in N/800 con- 
centration, the clotting time of cholate solutions is 41 seconds, in N/400 it 
is 104 seconds, 3N/800 it is 185 seconds, and in N/200 it is 74 seconds. At 
the highest of these concentrations the acid is sufficient to cause precipitation 
of free cholalio acid ; on keeping at 60° the precipitate disappears and a gel 
then forms. The lower concentrations produce no separation of free organic 
acid in form visible to the naked eye. The nitromethane possibly forms the 
/O 

salt 0H*N— ONa by double decomposition. 
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Polyhydroxj/^Derimttvea* 

The inhibitory action of these substances is small, as is shown by the 
following examples : — 


Substance. 

Per cent, (weight). 

Clotting time, secs. 

Ethyleiie glycol 

12*6 

281 

Propylene „ 

8*76 

886 

01yoepol 

12 *6 

(with separation of crystals) 
148 

Sucrose 

12*6 

20 

Ilextrose 

12*6 

80 

Dextrin 

12*6 1 

268 


10*0 

100 



Discussion of Remits, 

Whilst it cannot be denied that those substances which lower most 
markedly the surface tension of water have, as a rule, the greatest tendency 
to exert an inhibitory effect on the formation of the cholate gel, the law is 
not by any means an absolute one. The exceptions are precisely the ones 
which deviate from Czapek^s generalisation. Acetonitrile, which lowei*8 the 
surface tension of water but little, has a greater inhibitory power then ethyl 
alcohol, which lowers it much more. The deviation from the rule is shown 
in a very marked manner also by the typical narcotics, chloral, chloroform, 
and (in the experiment on gel formation) by urethane. There is, in fact, a 
striking parallelism between inhibition of gel formation, narcotic and 
hfismolytic actions and production of tannin exosmosis, which is well 
exhibited in the following table. The various substances are arranged 


Subrtatioos in decreaeiiig order of 
gel-iahibiting action. 


Critical narcotic ooncentratUm. 
Grm. j»ol. per litre. 


Ohlokopokm ; 

OHtOaAtUtDRATE 

lioamrl alcohol 

Secondary atnyl alcohol (methyl propyl oarbinol) 
Tertiary amyl alcohol (dimethyl ethyl oarbinol}.. 

Propyl carbaminate 

Konual butyl alcohol 

(Methyl propyl ketone 

lAobutyl alcohol 

Normal propyl alcohol 

Ubethakk 

Tertiary butyl alcohol 

leopropyl alcohol 

Allyl alcohol 

Methyl oarbaminat-e 

AoRTOKtTBXtK 


0*0012 

0*02 

<)*088 

0*087 


0*088 

0 * 010 ) 

om 

0*11 

0*041 

0*18 

0*18 

0*18 

0*27 

0*86 


Ethyl alcohol 


0*8 
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ia the order in which they inhibit the gel formation, the more active 
eubatauces being placed first in the list. The numbers given are the 
strengths in which they produce narcosis of tadpoles according to Overton. 

The concordance between the gel inhibitory action and the narcotic action 
is striking. Methyl propyl ketone is an apparent exception* but gel-inhibiting 
action of this substance cannot be accurately determined, as in relatively 
small concentrations it causes the formation of crystals. The same is true 
for ethyl alcohol in higher concentrations. Normal propyl alcohol should 
follow instead of preceding urethane. The substances showing a marked 
deviation from the surface tension generalisation are indicated in large 
type.^ 

General Summary and Oo7idu$iQn9, 

The inhibition of gel formation may be assumed to be due to adsorption of 
various substances from solution, which prevent the formation of larger 
aggregates, which constitute the geLf The adsorbability of those substances 
cannot be determined by their effect alone in lowering the surface tension of 
water. Czapek has assumed that certain plimt cells have a lipoid membrane, 
with a surface tension of about 0*681 (water =1), and that, when they are 
immensed in an aqueous solution, the surface tension of which has been 
reduced to below this figure, exosmosis of complex molecules takes place, 
owing to the changes in the lipoid membrane, Czapek found, however, that 
certain substances deviated from his rule. To these he ascribed a specific 
toxic action on the cell. In view of the fact that these same substances 
show a deviation also from a surface tension rule in their inhibitory action 
on the formation of the cholate gel, a phenomenon from which specific 
biological action is excluded, the purely mechanical conception of cytolysis, 
as propounded by Czapek, is clearly no longer tenable. Nor do the results 
in the above paper support the Overton-Meyer lipoid hypothesis. Although 
the lipoid soluble substances have, as a rule, the greatest inhibitory action on 
gel formation, the gel itself cannot, by any extension of the meaning of the 
term, be described as a Upoid. It is formed from the salt of an acid, which 
is generally insoluble in organic solvents, in which even the free acid itself 
is only slightly soluble. The results suggest that the semipermeability of the 
cell may owe its properties to the presence of some gel-forming substance 

* Several estimations of the surface tensions of solutions have been made by different 
observers. C^pek’s own numbers have been adopted. In arranging the above table the 
approximate dilutions which delay gel formation 15 minutes have been ascertained. The 
surface tensions of these dilutions in watei* lies normally between 6*6 and 0*6*7 (water « 1). 
The substances iudicated in capitals deviated markedly from these numbers. 

f Compare Sobryver, *Eoy. Soc. Proo,/ B, voL 83, p. 90 (1010). 
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which haa not yet been isolated, and which need he neither lipoid nor 
protein. Such a gel need not, furthermore, be continuous, but may 8im|dy 
form a matrix, holding together proteins and lipoids and other cell con- 
stituents. The protoplasm itself may exert its normal functiong only when 
its constituents are held in such a matrix. The amount of substlince to 
which the gel fonnatiou may be due need be present only in very small 
quantities. A solid gel has been obtained with ^-per-cent solutions of 
sodium oholate, but the author, in conjunction with Dr. E. Graf von 
Schonborn (in a preliminary communication to the Biochemical Society 
last May), has shown that solid gels are formed from sodium deoxycholeate 
(another bile acid), when the concentration does not exceed 1 in 1000. 

Various other problems arise from the study of these gels. Attention has 
been called to the fact that relatively large quantities of sodium and 
magnesium salts are necessary to produce gel formation as compared with 
those of calcium salts. These facts offer a suggestion as to the antagonism of 
calciiim salts to the toxic action of sodium and magnesium salts, as has 
been observed by Loeb, in the case of fundulus eggs, and of which many 
other biological examples exist. The replacement of a calcium salt by 
sodium or magnesium salts may render a gel unstable. It is proposed to 
investigate phenomena of this description. In all the above experiments 
a large excess of calcium salts has been employed in gel formation, in order 
to accelerate this phenomenon. To obtain results more analogous to the 
various biological phenomena, it will be necessary to study the action of 
various reagents on the gel when in thin membranes, and under conditions 
under which excess of calcium salts can be readily I'emovecl* Preliminary 
experiments indicate that under such conditions the gel may be reversed. 
Work is proceeding in this direction, and it is also proposed to employ the 
gels for the study of various phenomena of permeability. 

* In the above-deecribod experiments the inhibitory action of various eubstanoes on a 
membrane (or gel) formation has been studied. It has been assumed in these arguments 
that the more powerful this particular action of a given subetanco is, the greater will be 
its disaggregating action on an already formed membrane (or gel). 


A New Malaria Parasite of Man. 

By J. W. W. Stephens, M.D.. Sir Alfred Jones Professor of Tropical 
Medicine, University of Liverpool. 

(Ck>mmunicated by Sir E. Eoss, K.C.B., F.E.S. Eeceived January 19, — 

Eead February 19, 1914.) 

[Platss 14 - 16 .] 

In the autumn of 191S Ma^jor Keurick, I.M.S., kindly sent me, from 
Faohmari, Central Provinces, India, a blood slide from a native child, 
containing numerous malaria parasites. On examining thesg, which I at 
first took to be malignant tertian parasites, the suspicion arose in my mind 
that there was something peculiar about their appearance. 1 happened just 
previously to have been studying a blood slide from Ehodesia, containing 
very numerous malignant tertian parasites. The peculiarity of the Indian 
parasite, as far as I could at first define it, was tlui.t it was an irregular 
parasite as compared with the regular, almost monotonous, contour of the 
" rings ” of the malignant tertian jjarasite {PlatmxUum faldpwnm). I 
proceeded then to study the Indian jmrasite more carefully ; and, after daily 
observations for many weeks of it, and of control malignant tertian 
parasites from various sources, I came definitely to the conclusion that it 
was unlike any malignant tertian parasite that I had ever seen or that 1 
could find figured in the text-books or journals. I also considered carefully 
the possibility of its being the simple tertian parasite, but to tins point I 
shall return later. During this study, in order to fix my impressions, I drew 
160 consecutive jiarasites from the Indian slide and the Ehodesian slide 
respectively, as the former appeared in the field of view of an ocular so 
restricted by placing a diaphragm in it that only half a dozen red cells were 
visible in the field at a time, thus effectively preventing any selection on 
say part. I reproduce as pen-and-ink drawings 36 of each series taken at 
random, as they show very well in a general way the different aspect of 
the two parasites. For the same purpose I also drew a number of young 
simple tertian parasites. 

I now proceed to define aa far as possible in detail the pecuMarities of 
this parasite. 

1. It is extremdy amaiboid (judging from the stained specimens). Thin 
processes often extend across the cell or occur as long tails to mote or leas 
ring-shaped bodies. These processes may be several in number, and may 
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give the paraaite moat peehliar fantastio ribapes h3ce ttud; of ait 

web or mesh. ' ^ 

2. The eytoplatm is alwafs soanty, i,e. the individual amoeboid ptaoeeaea 
are delicate or thin, and the parasite has but little bulk, or daitsitj;. 

fonns resembling “rings” do occur, yet, owing to the abundance bf all l^pfls 
of irregular forms, it is certainly difficult to find quite typical signet ” 
rings. Laterally applied parasites (aceolis of French authors) also occur, but 
in them the ohromatiu is not dot-like, as it usually is in the malignant tertian, 
but practically always rod-like. 

3. The ivuckar chromatin is out of proportion to the volume of the 

parasite. It takes the form of bars or rods, strands, curves, 
patches, etc.; the occurrence of the chromatin in a dot, as id' the “xingf" 
forms of other species, is rare. In the web-like protoplasmio processes 
mentioned above there may be seen several chromatin strands, and not 
uncommonly one observes a minute dot of chromatin some way from 
the parasite, or between two portions of the parasite, though the 
protoplasmic process connecting it with the main mass or maases is so thin 
as io be invisible. The chromatin masses are frequently angular, the angles 
jutting into the points at which an amoeboid process is given off. Abundance 
of, and marked irregularity in distribution of, the chromatin masses. are 
characteristic of this parasite. ^ 

1 reproduce in a coloured plate the peculiar forms of this parasite, as it 
is very difficult, if not impossible, to describe them in words. 

1 next consider in what respects this parasite in my opinion differs from 
' the hitherto described parasites of malaria. 

' MaUgmnt TtHim Paratiie . — It differs from this 

(1) In its amoeboid activity. In the case' of the malignant tertian parasite 
a certain amount of amoeboid activity is observable, giving rise to “star-fish” 
shapes, and to somewhat irregular or even bacillary forms ; but the activity 
is not comparable with that of this parasite, which has for this reason a: most 
strange and peculiar appearance. The picture produced by the splsidi a 
drop of ink on paper may suggest some of the forms seen, 

(2) In the abundance and irregularity of nuclear matter. TUs, as the 
coloured plate shows, is very different from what one finds in tiie malignant 
tertian parasite, where the term "signet rings” well expresses the gmieral 
morphology. The quotidian parasite, if such exists, differs so 
morphologically from the malignant tertian parasite that the differenees 
just pointed out between this Indian parasite and the malignant tertian 
apply equally to it. 

Tertian Paraaite.— It diffisrs from this in tite IcUowing vespeete v-^ 
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(1) Ita hulk is much less, i.e. it is a smaller imrasite* 

(2) The armboid processes are far mbtB delicate. , . 

(3) The chromatin shoSSrs a relative abundance, an irregularity and a 
peculiarity of arrangement [e,g. strands, rods and bars) not seen in the 
simple tertian parasite. 

(4) Typical rings are absent or exceedingly rare. 

1 am not sure whether this parasite enlarges the cell, as, although in some 
cases I found infected cells larger than non-infeoted ones in their vicinity, 
in otl|^r cases the reverse held good. I am uncertain also whether it is 
pigmented or not. I have found no parasites in which I could certainly 
detect pigment ; but, on the other hand, I found three pigmented leucocytes 
in the film, which leucocytes may be associated with this parasite or may 
result from an associated infection. Finally, I am in doubt as to whether 
it produces any change in the red cell such as Schiiflher's dots. During 
the course of my examination of this film I must have observed many 
thousand parasites, but among these I encountered only one infected cell 
which was clearly enlarged and which showed Schuffuer s dots. The hulk 
of this parasite was much greater than that of any other I had seen, 
whereas the chromatin masses (two in number, one large, one small) were 
small compared to the bulk of the parasite. Although I could detect no 
pigment in this parasite I was not otherwise able to distinguish it from a 
simple tertian parasite.^ These points then must remain unsettled until 
further material is forthcoming. 

— Its amoeboid activity and its tenuity easily distinguish it from 
"tliSa species. 

After a prolonged study of this parasite I believe then that its morphology 
diflferentiates it from any malaria parasite of man yet described. 

I propose to call it Plasmodium term. 

DESCRIPTION OF PLATES. 

The figures were all drawn with an Abb^ camera lucida at the same magnification, 

X 2300 (approx,). 

Plate \^.^Plamodvmx faldparwm. Blood slide from Rhodesia ; 35 parasites drawn at 
random. 

Plate 15 . — Plammdmm tmtts. Blood slide from Central Provinces, India ; 35 parasites 
drawn at random. 

Plate 16.— Plotmodfum tenue. Illustrating the irregularity of form of this parasite. 

♦ I iadme to the view, however, that this large form belongs to the other irregular 
forms, and henoe that this parasite enlarges the cell and produces a stippling in it, 
and hence also that it has affinities with the simple tertian parasite, and Plasmodium 
emis of the dog rather than with the malignant tertian parasite. 
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Formaldehyde as an Oxidation Product of ChtorophyU Mae/troKits, 
By CHARiiKS Hornk Wahnee, B.So., F.I.C. 

(Communicated by Prof. V. H. Blackman, F.B.S. BeceiTad February 8,^ 
Bead March 5, 1914.) 

(From the Department of Plant Physiology and Pathology, Imperial College of Science 

and Technology.) 

Of recent years the action on carbon dioxide of chlorophyll in vtfro has 
assumed some importance as possibly throwing light on the nature of the 
photo-synthetic process of green plants. Thus Usher and Priestley* have 
stated that films of extracted chlorophyU in the presmiee of moist air and 
carbon dioxide produce formaldehyde and hydrogen peroxide under the 
influence of light. The earlier work of these authors has been adversely 
commented upon by several writers, notably by Ewart, f to whose oritioians 
Usher and Priestley have replied with a number of additional experimmits 
and arguments, referring also to the work of Schryver,J subsequent to that 
of Ewart, as affording strong confirmation of their views as far as the 
synthesis of the aldehyde is eonceined. The facts set forth in the freamt 
paper came to light during an attempt to confirm and extend the observa* 
tions of Usher and Priestley and of Schryver. 

Grass was extracted with alcohol, usually in the cold and in the presenee 
of calcium carbonate. In some experiments the alcoholic liquid was 
evaporated to dryness under reduced pressure and the residue extract^ 
with ether; in others a solution of chlorophyll in light petroleum was 
obtained by shaking the alcoholic solution with that liquid. The method of 
experiment was based upon that described by Schryver, the ^er or 
petroleum extract being allowed to evaporate on glass plates and exposed to 
light under the various conditions to be mentioned below. As was the case 
in the later experiments of Usher and Priestley themselves, the test which 
has been relied upon for the detection of formaldehyde is the very delicate 
one devised by Schryver, who has found that the reaction is not given by 
such other members of the series as have been examined up to the preaent. 
It has Ixieu assumed in the course of these experiments, as in the work 
of the investigators already mentioned, that the aldehyde produoed is 

♦ * Roy. Soc. Proc.,' B, vol. 77, p. 369 (1906) j vol 76, f. 318 (190^ ; and vol. 84, pi, lOl 
(1911). 

t /Md, vol. 60, p. 30 (1908). 

} jrwa., vol. 82, p. sse (1910). 
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formaldehyde, but it is very important that the possibility of the observed 
effects being due to some other aldehyde or to a mixture of aldehydes should 
be borne in mind. This point still requires investigation. 

The Production of Formaldehyde hy Chlorophyll Eoatrad;a in Air, 

In 14 experiments films of chlorophyll extract together with tubes of soda 
water were exposed to light in glass jars with welhfitting stoppers greased 
with vaseline. The effect both of electric light (eight experiments) and 
sunlight (six experiments) was investigated. In the former case the source 
consisted usually of one or two 32 c.p, filament lamps which were separated 
from the vessels containing the films by a glass tank, 2 inches thick, 
tlirough which cold water flowed ; the exposures varied from 6 to 70 hours.^ 
The films illuminated by sunlight were exposed outside a south window for 
periods ranging from two and a quarter hours of bright sunshine to seven 
days bright at intervals (March 4~11, 1913). 

Similar films were always exposed in jars containing tubes of potassium 
hydroxide solution. These control films were allowed to stand in the dark 
in vacuo over lime for several days before being rapidly placed in the jars, 
and then for several more days over the potash solution before exposure to 
light. In all the films a development of formaldehyde was observed, the 
solutions becoming very decidedly coloured in most instances when the test 
was applied. In 10 of these experiments no difference could be detected 
between the amounts of aldehyde formed in the presence of carbon dioxide 
and in its absence. In three there was a very slight excess in the films 
exposed to carbon dioxide as compared with the control films, but the 
difference was so small as to be barely perceptible, while in the remaining 
experiment slightly more aldehyde was found in the film which had not 
been exposed to carbon dioxide. 

Subsequently three experiments were carried out with somewhat greater 
precautions, sealed glass tubes replacing the stoppered jars throughout. 
The exposures varied from one to two and a half hours of bright summer 
sunshipe, and in each case the production of formaldehyde was very evident. 
In one instance it was impossible to distinguish between the amounts 
formed in the presence and absence of carbon dioxide, while in the other 
two there was slightly more formaldehyde produced in the films which had 
been exposed over potash solution. In all of the 17 experiments control 
films were also examined which had remained in the dark for equal periods, 

* During the daytime these films received diffuse sunlight in addition to artificial 

VOb, LXXXVIt—B. 2 F 
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and in no case waa fomaldahyde found in suoh a film whether oarbon 
dioxide bad been present or not 

In some, at least, of the experiments which yielded indications of the 
photo-synthesis of formaldehyde to previous investigators, either lime, soda- 
lime, or solid potash was used to obtain a control atmosphere free from 
carbon dioxide. A number of additional experiments have been carried out 
under these conditions, which are, however, entirely unsatisfactory, since the 
effect of a moist atmosphere containing carbon dioxide is compared with that 
of dry oai'bon-dioxide-free air. In a few of these experiments, particularly 
when short exposures to rather dull light were given, distinctly more 
formaldehyde was formed in the films exposed to carbon dioxide than in the 
ooiitrols ; in the remainder no appreciable difference waa observed. 

In order to further investigate the infiuenoe of moisture upon the 
production of formaldehyde, several experiments were performed in such a 
way that the effects of moist and dry carbon-dioxide-free air could be 
compared. Films were exposed in pairs, one in air over potash solution, and 
the other in air over lime or soda-lime, a tube of concentrated sulphuric acid 
being present in addition in some cases. In this series also it was noticed in 
some instances that the comparatively dry films contained distinctly less 
formaldehyde than the moist ones. These experiments, taken as a whole, 
appear to show that, while there is no appaeciable difference between the 
amounts produced by such chlorophyll films in moist air containing carbon 
dioxide apd in similar air free from that gas (suoh differences as have been 
observed being chiefly due, as shown by later experiments, to the air diluted 
by carbon dioxide causing less oxidation), the aldehyde is formed more 
readily in moist than in dry air. 

It is evident that formaldehyde was being produced in these experiments 
as the result of photo-chemical decomposition of the films. This is one of the 
points to which attention was drawn by Ewart {loc. cit), who found that an 
aldehyde was formed by chlorophyll under the action of light both in air in 
which carbon dioxide was present and in that from which it was absent, nor 
could he observe any diffbrence in colour intensity between the two eases 
when SchiflTs reaction was applied. In this connection Ewart lelied chiefly 
upon observations on killed leaves, a method of experimentation very 
difficult to control ; in addition to chlorophyll, the number of substances 
present, some of which (such as organic acids) may give formaldehyde on 
exiKisure to light, is very large, much greater than in an ether or petroleum 
extract ; also, it is considerably more difficult to ensure freedom from carbon 
dioxide for control experiments in such leaf material than' in thte thin films 
obtained in the manner described. Again, the rosaniline test, apart from its 
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comparative lack of Beneitiveneas and the fact that it cannot be used 
quantitatively, must be regarded as most unsatisfactory for work of this 
type even when applied with great care, since it has no specificity, and the 
escape of sulphur dioxide from the solution causes the appearance of the red 
colour in the absence of aldehyde. 

Illuminatioyi of FUnis in an Atmosphere of Nitrogen, 

It was next necessary to determine the nature of the decomposition 
described alK)ve, in order to eliminate it, and thus ascertain whether photo- 
synthesis was taking place at the same time. With this object in view, 
films in sealed glass tubes containing alkaline pyrogallate solution were 
exposed to bright sunlight for periods of one, one and a half, two, and 
two and a quarter hours, and to sunshine intermittently bright for periods of 
five and a half and twelve hours (twice). Ko trace of formaldehyde could be 
detected in any of those films after exposure. In carbon-dioxide-free films 
which received equal exposures over potash solution, the amounts formed 
were always very considerable. 

A tube containing recently boiled water and a film of chloropliyll extract 
was six times alternately exhausted and filled with nitrogen, which liad 
been passed throngh potash solution and over copper heated to redness. 
After the final filling the tube was simled off and exposed to bright 
sunlight for two hours, and to diffuse sunlight for a further period of three 
hours. On examining the film, again no trace of formaldehyde' could be 
found, although the quantity which had been produced in a film similarly 
exposed over a solution of potassium hydroxide was most distinct. Both 
films were allowed to stand in va^^m over soda-lime and pyrogallate solution 
in the dark for three days before being quickly introduced into the tubes, 
and the sealed vessels remained for four days more in the dark before 
exposure. 

Illumination of Films in Carhon Dioxide free from Oxygen, 

Four tubes containing freshly boiled water and chlorophyll extract films 
were six times alternately exhausted and filled with carbon dioxide freed 
from oxygen by means of red hot copper, and sealed off after the sixth 
filling. The following exposures were given: (a) 12 hours of sunlight, 
bright at intervals; (J) 11 hours of bright and 6 hours of diffuse sunlight; 
(c) 26 hours of bright and 6 hours of diffuse sunlight ; and {d) 17 days of 
intermittent sunshine (July 16 to August 2, 1913). In no case was there 
any evidence that formaldehyde had been formed in the exposed films, 
although in each case control films, carefully freed from carbon dioxide and 

2 F 2 
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exposed over potash solution under the same oonditi<Ris, showed a very 
marked formation of the aldehyde. 

Usher and Priestley* thermo-eleotrically determined the temperatures of 
two similar films of chlorophyll extract exposed to light, carbon dioxide being 
present in the surrounding atmosphere in one case and absent in the other. 
They found that the temperature of the film in contact with carbon dioxide 
was the lower, a result which they regard as evidence that synthesis had 
taken place consequent on the absorption of energy by the film. This result 
is in no way conclusive, and may be quite valueless, since, apart from the 
difficulties due to the conditions of the experiment, there is the fact that 
oxidation must have been proceeding in both cases, and the observed tem> 
perature difference was in all probability due to the excess of oxidation of 
the film in air as compared with that of the one in air diluted with carbon 
dioxide. The greater proportion of oxygen in the air from which carbon 
dioxide was absent would certainly account for the observation that “ the film 
in COrfree air was scorched and destroyed sooner than the other.” The 
experiment should be repeated with nitrogen as an atmosphere for the 
control film. 

The Bleaching of CldorophyU. 

Chlorophyll in air becomes bleached by light both in the presence and 
absence of carbon dioxide, and it has been found that formaldehyde has been 
produced- whenever bleaching has occurred. The bleaching was not more 
marked in moist air containing carbon dioxide than in air standing over a 
solution of potassium hydroxide, but when the effect of air containing appre- 
ciable quantities of water vapour was compared with that of an atmosphere 
relatively dry, it was found that the degree of decolorisation (especially in 
the case of rather short exposures to comparatively dull light) was somewhat 
greater under the moist conditions. In all of the experiments previously 
mentioned in which films were exposed in tubes containing no oxygen, 
including the four for which oxygen-free carbon dioxide was used, no bleach- 
ing could be detected. It will be observed that these results agree with those 
which were described when the production of formaldehyde was under 
consideration. 

The Formation of Sydrogen Peroceide. 

The observations of Usher and Priestley on the action of sheep’s liver 
catalase in preventing the bleaching of chlorqjdiyll have been (xmfinned. 
These observations point to the conclusion that the bleatdiing is due to the 

• ‘ Roy. Soe. Proo.,' B, vol 84, p. 107 <»11). 
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oxidising action of hydrogen peroxide. Less important evidence tending in 
the same direction has been obtained by treating films which have been 
exposed to light and air with potassium iodide, ferrous sulphate and acetic 
acid. A small amount of iodine was slowly liberated, while films which had 
been kept in the dark when treated with the some reagents caused no 
liberation in an equal time. A film which had been illuminated in a sealed 
tube containing moist oxygen-free carbon dioxide was not bleached and did 
not give the above reaction, although iodine was set free by a film similarly 
exposed in air over potash solution ; this film was very distinctly bleached. 
It is, of course, not to be expected that such an unstable substance as hydro* 
gen peroxide would accumulate in any quantity in these films. 

There thus seems to be good ground for believing that the bleaching of 
chlorophyll in oxygen is due partially, if not entirely, to the action of hydro- 
gen peroxide. Since bleaching does not occur in oxygen-free carbon dioxide, 
however, there is no evidence that carbon dioxide plays any part in the 
formation of the peroxide, which substance is obviously produced through the 
agency of atmospheric oxygen. The somewhat greater readiness with which 
bleaching takes place in moist air as compared with air which is relatively 
dry, is doubtless related to these facts, although it would seem that the 
change can be effected in the presence of only a very small amount of water. 

Usher and Priestley* found that chlorophyll films in a oarbon-dioxide- 
oontaining atmosphere which previously produced no effect on Beyerinck's 
“ luminous " bacteria, caused glowing after exposure to light. This does not 
by any means necessarily point, as these authors consider, to the decomposition 
of carbon dioxide with the formation of oxygen or hydrogen peroxide. It is 
more probable that, although the gas did not originally contain sufficient 
oxygen to cause visible luminosity of the bacteria, sufficient was present to 
form hydrogen peroxide under the action of light, and the peroxide, according 
to Usher and Priestley, has more effect upon these organisms than oxygen.t 
The same criticism is applicable to Molisch’st statement that assimilation can 
be carried out by chloroplasts from dried and apparently lifeless cells, and 
probably to other observations depending upon the use of bacteria also. 

Since the production of formaldehyde always accompanies the disappearance 
of the green colour of chlorophyll in air, it is probable that in this bleaching 

♦ < Roy. Boc. Proc.,* B, voL 84. p. 106 (1911). 

t Usher and FriestLey found that a certain amount of glowing was produced in the 
presence of catalase ; hence it may be argued that the effect is not due to the action of 
hydrogen peroxide formed in the manner here suggested. It is practically impossible, 
however, that tinder the conditions of the experiment (g.e.) the eatalase could render 
the peroxide entirely ineffective. 

t ‘ Bot Zeit/ vol. 68, p 1 (1904). 
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prooesa hydrogen peroxide oxidises chlorophyll with the formation of 
formaldehyde among other colourless products, and in support of this view it 
may be mentioned that the aldehyde is formed in the dark when films of 
chlorophyll extract are immersed in hydrogen peroxide solution. 

Whether these transformations play any important part in the metabolism 
of tlie plant remains to be seen. Possibly some group in the chlorophyll 
molecule suffers decomposition, thereby liberating formaldehyde, and is then 
regenerated under the action of carbon dioxide, but the occurrence in the 
tissues of catalases, which may partially or wholly prevent any such oxidation 
in the living leaf, must be borne in mind. 

The observations of Bach and Chodat,* which appear to have escaped 
attention in this relation, to the effect that plants (in their experiments, 
fungi) are able to live in a medium containing 0'68 per cent, of hydrogen 
peroxide, may be found to have an important bearing upon the subject under 
discussion. 

Experiments testing the possibility of the photo-synthesis of fonnaldehyde 
by colloidal chlorophyll in the presence of plant catalases and other enzymes, 
ie, under conditions more nearly approaching those of assimilating tissues, 
might yield interesting results. 

Filim of Carotin Extrcui. 

A few preliminary experiments have been carried out with films of 
carotin extract. Carrots were extracted with hot alcohol and the liquid was 
shaken with light petroleum, the petroleum solution being then allowed to 
evaporate on glass plates. When such films are exposed to air they become 
bleached both in the light and in the dark,f and formaldehyde is produced in 
both cases. A carotin film exposed to light in a sealed tube containing moist 
carbon dioxide free from oxygen was not bleached and showed no evidence 
of formaldehyde development, while a similar film exposed over potash solution 
beside the first for the same time became completely bleached and gave a 
decided reaction for the aldehyde. 

Experiments are now being arranged by means of which it is hoped that 
the formation of hydrogen peroxide by chlorophyll and possibly by carotin 
and other similar substances, and their derivatives, may be more or less 
quantitatively investigated. 

Thus far the experiments have been confined to crude chlorophyll- and 

* * Bioohein. Centralblat.,’ vol. 1, p. 417 (1903), 

t Compare WilleUtter and Esober, ‘25eit. Phys. Chem.; vol. 64, p. 47 (1910). 
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carotin-containing extracts prepared as described ; it is intended shortly to 
investigate similarly the behaviour in this relation of the isolated leaf pigments 
and some of their derivatives. This is especially important in view of the very 
recent work of Spoehr,* who has shown tliat various acids which occur in the 
leaves of succulent plants may be decomposed by light, yielding formaldehyde. 
A decomposition sucli as this would well account for the formaldehyde which 
Kimpflinf found in the leaves of Agme mexkamxi. Again, NeubergJ has shown 
that a numlyer of substances, under the action of light and in the presence of 
an optical seiisitiser, form this aldehyde ; indeed it is probable that there are 
in the plant many substances which under suitable conditions can give rise to 
formaldehyde or to hydrogen peroxide. 

Summary. 

1. The photo-chemical development of formaldehyde, which has been 
observed to occur in films of chlorophyll extract in contact with air containing 
carbon dioxide and water vapour, is due solely to the decomposition of the 
films under the action of the oxygen of the air. No formaldehyde is produced 
when such films are illuminated in a moist atmosphere of nitrogen or of 
carbon dioxide. There is thus at present no evidence for the photo-synthesis 
of the aldehyde from carbon dioxide by chlorophyll outside the plant. 

2. The above oxidation is accompanied by the bleaching of the films, and 
appears to be effected by the action of hydrogen peroxide, in the formation of 
which carbon dioxide can have no share, since there is no deoolorisation in 
moist carbon dioxide free from oxygen. 

3. The bleaching (oxidation) of films of carotin extract is also associated 
with the production of formaldehyde. 

Since the experiments are being continued along the lines indicated, a fuU 
disorission of the results obtained is for the present deferred. In conclusion, 
the author wishes to express his indebtedness to Prof. V. H. Blackman, 
at whose suggestion this work was undertaken, for his very valuable help 
throughout the course of the research. 

* * Biochem. Zeitschr.,* vol. 57, p. 95 (1913). 
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The Action of Light on Chlorophyll. 

By Harold Waokr, F.E.S. 

(Receiyed February 6, — Read March 6, 1914.) 

The chemical changes brought about by light in the green leaf leading to 
the production of sugars and starch from carbon dioxide and water are still 
far from being clearly understood. 

To what extent the chlorophyll takes part in this process, whether it simply 
performs the function of bringing the rays of light into contact with the 
carbon dioxide and water in such a way as to enable them to effect a 
synthesis of these two compounds, or whether the chlorophyll itself initiates 
these changes by its own chemical decomposition, aie problems still imsolved. 

It is a well-known fact that solutions of chlorophyll in the pi*esence of 
oxygen become decolorised by light, and Pringsheim showed that the chloro- 
phyll in a living leaf becomes rapidly blanched when submitted to the action 
of an intense light focused through a lena* 

The earliest observations on the destructive effect of light on chlorophyll 
appear to be those of Sir John Herschel, who in a series of papersf published 
move than 60 years ago described many interesting experiments on the action 
of the rays of the solar spectrum on the vegetable colours expressed from the 
petals and leaves of plants. From these experiments he concludes that (1) 
the action of light destroys colour, either totally, or leaving a residua] tint on 
'which it has no further or much slower action ; (2) the action of the spectrum 
is oonbned, or nearly so, to the visible rays, as distinguished from the ultra- 
violet and ultra-red rays, which are ineffective ; and (3) the rays effective in 
destroying a given tint are, in a great many cases, complementary to the tint 
destroyed. He pointed out that the green colouring matter expressed from 
leaves and spread on paper shows, as in the elder, a maximum of action, as 
indicated by the destruction of colour, in tlie red rays, from which the action 
falls off' rapidly with a slight intermediate maximum in the region of the 
yellow, then falls off again, and about the termination of the green again 
increases, reaching another maximum in the blue violet, after which it falls 
off again, gradually, and ceases to be traceable as the termination of the violet 
is reached. He points out that “photographic pictures may be taken readily 
on such papers, half an hour in good sun sufficing ; but the glairy nature of the 

{uioes prevents their being evenly tinted, and spoils their beauty." He did 
* 

* ‘ Pringsheim’i Jahrb.,* 1881 and 1882. 

+ ‘Phil. Tran*.,’ 1840, 1842 ; ‘PhR Mag.,’ 1848. 
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not experiment with chlorophyll in a state of purity, owing to the nicety 
required in its preparation. 

There is evidence to show that, itnder the influence of light, the chlorophyll 
in a living cell is constantly being destroyed, but that under normal conditions 
the leaves remain green, the chlorophyll being reconstructed as fast as it is 
dostroyeti. Thus when leaves are exposed to a stronger light tlian usual, they 
become paler in colour, probably owing to the fact that under these conditions 
the chlorophyll is destroyed at a more rapid rate than it is reconstructed. 
This is frequently observed in the leaves of shade plants when exix)8ed to 
bright sunlight, and is also observed in Algee such as Spirogyra which 
accumulate near the surface of water in the intense light of the sun during 
the summer months. 

Thus Ewart* states that when green leaves are exposed to sunlight, the 
decomposition of the chlorophyll goes on more rapidly than its production, 
though the amount of chlorophyll decomposed is insufficient to cause a 
•change in the coloration visible to the eye.'' 

Stahl came to the conclusionf that the exposure of leaves to direct sunlight 
for several hours gave no indication of the decomposition of chlorophyll. 

Keeble showed, however, that leaves exposed to bright sunlight gave a 
weaker solution of chlorophyll in alcohol than similar leaves kept in the 
«hade.J Many other experiments support this view, notably those of Ewart§ 
conducted on plants both in temperate and in tropical regions. LubimenkoH 
has also shown that the quantity of chlorophyll in a leaf varies with the 
intensity of the light. 

It is usually assumed that the decomposition of chlorophyll is bound up in 
some way with the photo-synthesis of COa and water, but as it is usually 
considered to be more or less indirectly one of the results of photo-synthesis, 
a sort of by-product as it were, very little attention has, so far as I know, 
been paid to the products of its photo-decomposition. 

Timiriazeff pointed outlT that chlorophyll is a true optical sensitiser in that 
it absorbs radiant energy, and is at the same time an absorbent of one or more 
of the products by which the bleaching is then brought about. The function 
of chlorophyll is to decompose carbon dioxide ; the chlorophyll absorbs the 

* * Linn. Journ. Bot./ voL 31 (1895-07). 

t * Ann. du Jard. Bat. de Buitanzorg/ voL 11 (1893). 

X *Ann.Bot./voL9(1896). 

§ *j 0 nm. Linn. Soa Bot./ vol. 31 ; ‘Ann. Bot.,* voL 11 (1897); ‘Ann. Bat.,* voL 12 
(1898) ; oee also refarenoea in Pfeffer'a ‘ Blijaiology,* Eng. Ed., vol. 1, p. 334. 

It ‘Ann. Sci. Nat. Bot./ 1908. 

% * Comptea Eendua,* 1885, and ‘ Ann.ScLNat. Bot./ 1886 ; aee also ‘ Boy. Soc. Proc.,* 
1903. 



388 Mn H. Wager. 

rays of greatest energy and transmits this energy to the molecules of carbon 
dioxide. 

Again, according to the hypothesis of Usher and Priestley * the photo-synthesis 
of carbon dioxide and water is accompanied by the formation of hydrogen 
peroxide, and it is this latter compound that brings about the bleaching of the 
chlorophyll. From what we know of photo-chemical activity in other organic 
compounds, it would, however, not be unlikely that the rays of light absorbed 
by the chlorophyll may bring about a chemical change in it which is itself 
sufficient to initiate the series of chemical reactions resulting in the formation 
of sugar and starch. Thus Hoppe-Seyler,t quoted by Loeb,;^ “ expressed the 
idea that chlorophyll undergoes first a combination with HgCOs which, under 
the influence of light, falls apart in such a way as to yield chlorophyll (or the 
catalyser contained therein), O3 and a third product, the latter being sugar or 
a substance from which sugar may be formed/* “ It is obvious,’* says Loeb> 
“that Hoppe-Seyler’s idea represents that conception of the action of the 
catalyser which is more and more supported by the facts.” 

Hauseng suggests that the chlorophyll is capable of forming an unstable 
compound with carbon dioxide, and that it is then passed on to the plasma 
of the chlorophyll grain to be converted into carbohydrate. Sir W. N, 
Hartley, II in discussing this, says that it is, however, much more probable on 
chemical grounds that the compound of chloropliyll with carbon dioxide ia 
entirely decomposed, first by the elimination of oxygen, and, secondly, by 
the elimination of water, so that there are successively fonned compounda 
of chlorophyll (1) with carbon dioxide ; (2) with formic aldehyde ; (8) with 
glucose ; and, finally, starch, completely formed, is split off the molecule. . 

Tlie Ble>aching of Chlorophyll in Light 

Crude chlorophyll was obtained in the ordinary way by boiling leaves of 
grass or other plants in water and then extracting with alcohol Methylated 
spirit may be used for this purpose, but it is more satisfactory to use 
absolute alcohol In order to obtain the chlorophyll in as pure a state aa 
possible, the strong alcoholic solution was first filtered, then evaporated to 
dryness, and dissolved in petroleum ether. For many experiments ordinary 
ether will serve, but for general use petroleum ether is to be preferreds 
Paper tinged with chlorophyll, either in alcoholic solution or in petroleum 
ether solution, was used, and also films of chlorophyll made by the evapora- 

‘ Eoy. Soc, Proc.,* vol 77. 
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tion of the chlorophyll solution on glass plates and in glass tubes and 
flasks. 

The bleaching of chlorophyll can be conveniently demonstrated by 
exposing the half of a strip of paper tinged with chlorophyll to the light, the 
other half being kept in the dark. In sunlight the bleaching takes place 
very rapidly, but very slowly in diffused light. 

The action of the different rays of the spectrum can be shown by exposing 
a piece of paper tinged with chlorophyll or a glass plate covered with a 
layer of chlorophyll to a sunlight spectrum, and it will be seen that the 
bleaching takes place as described in Hersoheirs experiments and more 
recently by Ifeinke^ and by Dangeardf in those parts of the spectrum where 
the light is absorbed. A convenient method of showing the different effects 
of the principal parts of the spectrum is to make use of filters through 
which definite wave-lengths are transmitted. The Wratten and Wainwright 
filters are suitable for this purpose, and the action of light is much more 
rapid than with the pure spectrum. The disadvantage of filters is that the 
different colours absorb varying proportions of the light which they are 
supposed to transmit. Thus whilst a red filter may transmit 78 per cent, of 
the light, a blue filter may transmit only 16 per cent, of it. 

The tricolour set of filters supplied by Messrs. Wratten and Wainwright 
divide the visible spectrum into three nearly equal parts — red, green, and 
blue — with some slight overlapping, but as this green allows rather more of 
the yellow and blue ends of^ the spectrum to pass than is desirable, it is 
better to add to the green another one which limits its range. The different 
parts of the spectrum transmitted through the three filters which I have used 
are os follows : — 

Bed — Standard tricolour filter, \ 710-590. 

Green — Standard tricolour plus green (two filters), about \ 660-480. 

Blue — Standard tricolour filter, X 510-400. 

The bleaching of chlorophyll takes place very rapidly through the red 
filter, much more slowly through the green and blue filters. If, however, 
the light is allowed to act for a longer time through the blue and green 
filters, the bleaching then becomes as pronounced through the blue os 
through the red filter. Thus in bright sunlight it takes approximately 
8-*10 times as long to bleach chlorophyll paper through the blue filter as 
through the red. This seems to indicate that the different effects of the rod 
and blue ends of the spectrum are proportional to (1) the absorption of light, 

♦ ‘Bot. Zeit.,*1886. 
f * Le Botaniste,* 1912 and 1913. 
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and (2) the energy coefficient of the different parte of the epeotrum in which 
the absorption bands appear, Kniep and Minder* have pointed out that the 
effects produced in photo-synthesis are approximately proportional to the 
relative energy absorbed. 

The Fhoto-decomposition Products of CMorophylL 
The following exi)eriment8 show that in the decomposition of chloro- 
phyll by light two substances are produced, one giving the reactions of an 
aldehyde and the other an oxidising substance giving reactions with potassium 
iodide, by which the iodine is set free : — 

Experiment 1 : A piece of paper, tinged with alcoholic solution of 
chlorophyll, was arranged so that one-half of it was exposed to a good light, 
the other being kept dark. The half exposed to the light became bleached, 
and when placed in SchiflTs solution the exposed portion developed a 
beautiful pink, the unexpoaed half remaining green with no pink coloration. 
Experiment 2: If a piece of chlorophyll paper exposed to light as in 
Experiment 1 is placed in a solution of potassium iodide, the half exposed 
to the light becomes reddish-blue in colour, due to the liberation of the 
iodine, which acts upon the starch contained in the paper. The reddish-blue 
colour is probably due to the action of iodine upon starch in the presence of 
an excess of potassium iodide, for when the paper is washed in water the 
reddish-blue colour disappears and is replaced by the ordinary blue starch 
coloration. 

Similar reactions to those described in these two experiments were found 
to take place when the paper itself was exposed to light without the chloro- 
phyll, but the coloration was not so strong in either case. 

Experiment 3 : Two pieces of common note paper, similar to that used in 
Experiments 1 and 2, were exposed to light in the same way, One was 
placed in Schiff’s solution. The exposed half became distinctly pink. The 
other was placed in potassium iodide and the exposed half became light 
brown. This seemed to indicate that the coloration in both cases was due to 
the paper and not to the chlorophyll. 

Various kinds of paper were then experimented with, and it was found 
that in all cases a reaction both with Schiff's solution and with potassittm 
iodide occurred, but that in the case of good superfine note paper the 
reactions were very slight Accordingly, in all subseqxient experiments with 
chlorophyll-tinged paper, a superfine note paper was used. 

Experiment 4 : A strip of W. H. Smith and Son's superfine cream laid 
note paper was tinged with chlorophyll and exposed to light as in Experi- 

* ‘Zeit \m. 
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ments 1 and 2, This was then cut longitudinally into two, and the two 
strips were then plaoed in SohifT’s solution and in potassium iodide solution 
respectively. In both oases a strong reaction was obtained in those portions 
exposed to light. On comparing the results with the same paper not tinged 
with chlorophyll it was found that the reaction both in Schiff’s solution and 
in potassium iodide solution was very strong with the chlorophyll-tinged 
paper but slight and almost negligible with the plain paper. Prolonged 
exposure of the plain paper to light gives a stronger reaction, but in no case 
as strong as the chlorophyll-tinged paper. 

It was important to determine whether the solution of chlorophyll itself 
is able to give the reaction, apart from the paper. As alcohol gives a strong 
reaction with Schitf’s solution it was necessary to dissolve the chlorophyll in 
some other solvent. For this purpose petroleum ether is suitable, as it does 
not give any reaction with Schiflf's solution or with potassium iodide solution 
either in the dark or in the light. 

Experiment 5 : Four small test-tubes were }>artly filled with a solution of 
chlorophyll in petroleum ether and tightly corked. Two were exposed to the 
light and two kept in the dark. When those exposed to light were con- 
siderably decolorised, a small quantity of SchiflTs solution was added to one 
and a small quantity of potassium iodide plus starch solution was added to 
the other. These solutions did not mix with the petroleum ether, but on 
shaking up the test-tubes the Scliiff's solution became bright pink, the 
potassium iodide and starch solution became bluish-brown. The petroleum 
ether solutions wliich had been kept in the dark were treated in the same 
way with Schiff’s solution and potassium iodide starch solution respectively, 
and in neither case was any reaction observed. 

These experiments show clearly that the decomposition of chlorophyll is 
accompanied by the formation of an aldehyde and of a substance capable of 
oxidising the potassium iodide and setting free the iodine. It is extremely 
interesting to find that the same reactions are obtained with some kinds of 
paper when exposed to light This is probably due to the decomposition of a 
substance in the paper the nature of which is unknown. 

The same results are obtained when films of chlorophyll on glass are 
exposed to the light, and it can be farther shown that the oxidising substance 
produced is a gas soluble in water. 

Experiment Q : About 5 c.c. of a strong petroleum ether solution is carefully 
evaporated in a 50 ox* flask so as to leave a thin film of chlorophyll on the 
sides and bottom of the flask. The ether should be completely evaporated, 
and a stream of air forced through the flask to remove all traces of the ether. 
The neck of the fladr should be surrounded with black paper. A few drops 
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of distilled water are placed in the flask. A strip of potassium iodide paper 
about two inches long is then attached to a cork, and the flask is corked up 
so as to allow the strip of paper to hang down in the neck of the flask. 
Another flask should be fitted up in precisely the same way but without 
chlorophyll. Both flasks should now be exposed to the sunlight. The 
bleaching of the chlorophyll takes place very rapidly. The strip of 
potassium iodide starch papfer becomes purplish blue in the chlorophyll 
flask, showing that iodine has been liberated, but remains quite unchanged 
in the control flask. The strip of potassium iodide starch paper is now 
renjoved and a few more drops of distilled water are placed in the flask, 
which is then corked and the contents well slrnken up. The water in the 
flask is then poured into two tubes. To one of these a few drops of Schiff *s 
solution is added and a pink coloration soon develops, showing the presence 
of an aldehyde. To the second tube a few drops of a 10-per-cenfc. solution of 
potassium iodide is added, and then on the addition of a freshly made starch 
solution, a blue or reddish-blue coloration is obtained, indicating the presence 
of an oxidising agent capable of setting free the iodine in the potassium 
iodide. 

If the bleaching has been continued long enough, the sides of the flask are 
now covered with a thin white layer of a substance which should be well 
washed to get rid of the remnants of the soluble aldehyde, and it will then 
be found that tlxia white substance is insoluble in either hot or cold water. 
If, however, the bleaching is prolonged for a considerable time a much smaller 
amount of the insoluble white substance remains. 

If we expose the chlorophyll paper behind coloured filters, we find that 
both the aldehyde reaction and the potassium iodide reaction are much 
stronger in the red than in the blue and weakest in the green. If, however, 
the exposure behind the green and blue filters is prolonged to about 8 or 
10 limes that of the red, the reaction in the blue l>ecome8 as strong as in 
the red. 

Tlie reaction for aldehyde is therefore proportional to the bleaching efifect, 
and is approximately proportional therefore to the synthetic activity in the 
different parts of the spectrum. 

The longer the light is allowed to act, the more completely does the 
chlorophyll become bleached, with a corresponding increase in the aldehyde 
reaction. In the case of the potassium iodide reaction, however, the converse 
ia the case. When chlorophyll films, either on paper or on glass, are sub- 
mitted to the prolonged action of light, the reaction with potassium iodide is 
much weakened, end may be completely absent. The explanation of this is 
probably that the oxidising substance is a volatile gaseous product, which 
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tends to disappear as soon as it is formed, whilst the aldehyde is a solid which 
remains in the paper or in the film left on the glass. But it is not impossible 
that the oxidising substance may be of service in connection with the chemical 
reactions that take place in the chlorophyll, and may become used up in 
this way. 

Instead of the extract of chlorophyll we may use dried leaves, or the 
chlorophyll expressed from living leaves and spread upon paper. We may 
also use layers of Euglena viridis, algse and other green organisms spread over 
the surface of paper. In all those cases we can get by appropriate treat- 
ment, after exposure to light, both the aldehyde and potassium iodide 
reactions. 

We can also show that both these reactions take place actually inside a 
leaf when the chlorophyll is sufficiently bleached. Thus if sunlight is 
condensed by means of a lens upon a living Oxalis leaf which contains 
abundance of starch, the chlorophyll in a small area of the leaf is bleached. 
If the leaf is now treated with Schiff’s solution we get a strong aldehyde 
reaction in the bleached part ; if treated with potassium iodide solution the 
starch grains in and around the bleached area became coloured blue. The 
last exi)eriment is not an easy one to perform as it is very difficult to hit 
just the right moment to stop the bleaching in order to get the potassium 
iodide reaction. 

Is Formaldehyde prodixed hy the Photo^decomposiiion of ChloTophyll } 

The observations of Pollacci,^ Usher and Priestley,! Harvey Gibson, J and 
Schryvor§ all show that formaldehyde is produced when chlorophyll is 
exposed to sunlight in the presence of carbon dioxide but not in its absence, 
or possibly in minute quantities only. It is therefore important to determine 
whether the aldehyde produced in my experiments is composed of formaldehyde 
or whether it contains formaldehyde. The test used by Harvey Gibson gives 
a very pronounced reaction even when formaldehyde is present in quite small 
quantities. I have obtained a reliable reaction with 1/1,000,000, and a very 
pronounced reaction with 1/100,000, The test is carried out as follows: — 
About 3 c.o. of pure concentrated sulphuric acid are placed at the bottom of a 
small test-tube ; a few drops of a 5-per-oent. solution of gallic acid in absolute 
alcohol are poured gently on to the surface of the sulphuric acid and the 
liquid to be tested is then added; if formaldehyde is present, a beautiful 

‘ lust. Bot. d, E. Univ. di Pavia,’ 1902 ; #ee ‘L’Ann^e Biologique,’ 1903, 
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blue-green rii^ appears between the upper and lower liquids. Unfortumdieljr 
this test is not reliable, as dilute solutions of sugar and starch and Tarious 
other substances bring about the formation of a green or blue-green ring. 
This may be due to the fact that the sulphurio acid decomposes such 
substances as starch and sugar, and that a transitory product of this 
deoom{)osition may be formaldehyde. Consequently, although the reaction 
is extremely useful for purposes of preliminary test, it cannot be relied upon 
to prove the presence of formaldehyde. 

Rimini’s test, as modified by Schryver, is extremely sensitive to form- 
aldehyde and will easily detect 1/1,000,000. Here, however, the presence 
of various substances in the crude chlorophyll seems to interfere with the 
reaction, as shown by Schryver, and I have not been able to satisfy myself 
that the colour reaction given by this test with solutions of bleached chloro- 
phyll is due to formaldehyde. Colour reactions are obtained which seem to 
indicate that formaldehyde is present in films exposed to light both in the 
presence and in the absence of carbon dioxide, but the reaction varies con- 
siderably with certain limits. Sometimes a dirty orange colour is produced, 
which is nothing like so distinct as the colour obtained with 1/1,000,000 of 
formaldehyde, sometimes a deeper coloration which more nearly resembles 
the formaldehyde coloration, but is more of an orange red or deep orange 
than the bright, clear red of the formaldehyde reaction. In any case, none of 
my experiments shows more than a very small quantity of formaldehyde in this 
way, although the reaction given by Schilfs test in all cases indicated a much 
larger amount of aldehyde. For example, a solution of bleached chlorophyll 
showed a reaction for aldehyde with SohifTs solution equal to more than 
1/25,000, but on testing the same solution with Rimini’s test, the result 
showed the presence of certainly not more than 1/1,000,000 of formaldehyde. 
It appears to me from a large number of experiments that, although the 
aldehyde in the bleached chlorophyll may contain a small quantity of 
formaldehyde, the major part of it consists of some other aldehyde, the 
nature of which I have not been able to determine. 

The Oaddising Comjxmnd, of Chlorophyll, 

The gaseous oxidising substance formed on exposure of chlorophyll to l^ht 
is soluble in water. The experiments of Usher and Priestley suggested the 
possibility that it might be hydrogen peroxide. A solution was prepared 
by exposing a film of chlorophyll on water to the light, which gave a stremg 
reaction with potassium iodide and starch, the iodine being liberated at 
once and colouring the starch blue. Tarious well-known tests for hydrogen 
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^Quide were then tried, but all gave a negative result. The following sm 
some of the results obtained : — 

Dilute solution of ohromio aoid with snlphuric acid. This gives a 
distinct blue coloration with 1/1,000,000 of hydrogen peroxide, but no 
reaction with the chlorophyll solution. 

One of the most delicate tests for hydrogen peroxide appears to be that 
given by Eoscoe and Sohorlemmer in their text-book. When hydrogen 
peroxide is added to a solution of potassium iodide and ferrous sulphate, 
iodine is set free. Other oxidising agents have the power of liberating 
iodine from potassium iodide, but uot in the presence of ferrous sulphate. 
I have obtained a distinct reaction with 1/50,000 of hydrogen peroxide and 
a reliable reaction with 1/1,000,000. In the presence of ferrous sulphate the 
chlorophyll derivative gives no reaction, although the same solution gave a 
strong reaction with potassium iodide and starch alone. 

Leuchter’s test* : With this I obtained a very clear reaction with 
1/600 hydrogen peroxide, but no reaction with 1/50,000. No reaction was 
obtained with a bleached chlorophyll solution. 

Titanium dioxide in concentrated sulphuric acid gives an orange-red colour 
with 1 /6000 of hydrogen peroxide, and a distinct yellow colour with 1 / 60,000 ; 
no coloration was given with the chlorophyll solution. 

Experiments were also tried with a solution containing ferric chloride and 
potassium ferricyanide. This gives a precipitate of Prussian blue with 
solutions of hydrogen peroxide ; solutions of the chlorophyll derivative only 
give a greenish yellow colour. 

All these tests indicate, therefore, that the chlorophyll derivative is not 
hydrogen peroxide. 

The experiment was then tried of exposing a film of chlorophyll in the 
dark to the action of a 20-per-cent, solution of hydrogen peroxide. If, as 
Usher and Priestley state, the deoolorisation is brought about by hydrogen 
peroxide, we ought to got a very pronounced efiTccl with so strong a solution. 
The experiment, however, showed that even after ten days’ exposure to the 
hydrogen peroxide, the chlorophyll was far from completely bleached, and 
was still of a yellow or yellowish green colour. The experiment was tried 
many times in different ways, but always with the same result The 
bleaching of chlorophyll in the light appears not to be due, therefore, to the 
action of hydrogen peroxide, and the most probable explanation seems to be 
that the light absorbed brings about a combination of the chlorophyll with 
oxygen resulting in the formation of an organic peroxide. 

It is interesting to note that other colouring matters react to light in the 
* ' Ohem. Zsit.,' 1011, sm ' CStem, Soc. Journ.,’ Abstracts, 1011. 
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same way with the formation of an oxidising substance oajtable of bringing 
about the liberation of iodine from potassium iodide. Thus, if sbdps dF 
paper are soaked in solutions of the following dyes — methyl violet, methyl 
green, eosin, fuohsin, and fluoresoein, and aie then exposed to light and 
afterwards treated with a 10-per-oent. solution of potassium iodide, the 
iodine is liberated and the starch contained in tlie paper is coloured blue or 
reddidi blue, a strong reaction being obtained in all cases. Cyanin,’on the 
other hand, although readily bleached by the light, does not give this 
reaction. 

Experiments made with narrow glass tubes lined with a thin layer of 
methyl violet and eosin show, on exposure to light, that, during the process 
of bleaching, oxygen is used up, but this is not the case with cyanin, which 
becomes completely bleached without any appreciable rise of water in the 
tube. In the case of methyl green and eosin, the absorption of oxygen 
does not take place as rapidly and is not so pronounced as in the case of 
chlorophyll. 

The Photo-decomposition of Chlorophyll in a Brown S6cirweed-—lMmimrUi, 

In order to make experiments on the chlorophyll contained in the brown 
seu'Weeds, I collected pieces of fresh fronds of laminaria on the sea-shore and 
brought them home wrapped in pieces of ordinary white paper. On removing 
the paper, I found a blue coloration here and there where the paper had been 
in close contact with the fronds. It was obviously the blue starch coloration 
due to iodine. I at first thought that it might be due to chlorine,* possibly 
contained in the paper, acting upon an iodine comx>ound in the sea-weed and 
causing the liberation of iodine. A statement in Pfeffer’s ‘ Physiology,’ however, 
led me to suspect that the coloration might be duo to free iodine given off 
by the laminaria itself. To test tliis, I took some fresh pieces of a frond of 
laminaria and placed them in a dilute starch solution free from chlorine. The 
solution became coloured blue, showing quite clearly the presence of free iodine. 
The colour disappeared again in a very short time, much more rapidly, so it 
appeared to me, than it would have done in a starch solution coloured by an 
ordinary solution of iodine. I accordingly tried the experiment again, and 
found on comparing it with a starch solution coloured with iodine to the 
same depth of colour, that the laminaria solution lost its colour several hours 
before the other. This indicated that the iodine was taken up again by 
the laminaria from the starch solution, and it occurred to me that this might 
be due to the slime which is secreted by the laminaria and wMcb was found 

* OUorine is used ia ih« blsaohing of {taper. 
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ia large quentitiee in the solution. I therefore placed equal quantities of a 
light blue iodine-ooloured starch solution in two test-tubes. To one of these 
I added distilled water ; to the other an equal quantity of the slimy liquid 
obtained by soaking pieces of the frond of laminaria in water. The colour 
disappeared at once, on shaking up, in tlie tube containing the slime, but not 
in the tube to which distilled water only had been added. I then placed equal 
quantities of a very dilute iodine solution (iodine in potassium iodide) in two 
test-tubes. To one I added, as before, distilled water, to the other an equal 
quantity of the slimy liquid from lamihaiia. These were then shaken and 
left to stand for a short time. Equal quantities of a dilute starch solution 
were then added to each, with the result that the blue coloration appeared 
in the lube to which distilled water had been added, but no coloration at all 
in the tulnj containing the slime. 

These experiments show, therefore, that iodine is absorbed by the laminaria 
slime, probably forming an addith'e compound with it, and it appeared 
probable that a much more satisfactory iodine reaction would be obtained 
with laminaria if the frond were first of all freed from slime by washing well 
in water. I obtained the reaction very readily on a bright spring morning on 
the sea-shore by placing pieces of the fresh frond free from slime in contact 
with starch paper. The reaction is, however, very unequal ; all parts of a 
frond are capable of giving it, but not necessarily at the same time. The 
most vigorous reaction was obtained in the growing region of the frond, the 
swollen portion where the frond joins the stipe. Tire reaction appears to be 
associated with those layers of cells which contain the chlorophyll and the 
brown colouring matter. Sections of the stipe and of the thicker portions of 
the frond, when placed in contact with starch paper, showed a bhie layer all 
round where the paper had been in contact with the peripheral chlorophyll- 
containing cells, and sections from the thinner portions of the frond also 
gave the same result. 

Pieces of the frond kept in sea-water in the dark gave no reaction, or at 
times a slight one ; a strong reaction was obtained when the fronds had been 
exiwsed to a good light. The presence of the slime, however, may prevent 
the rcHmtion. So long as any of the brown colouring matter is present, the 
iodine reaction may be given, but it is entirely absent in those parts of the 
frond which have lost the brown colouring matter and show a green colour. 
■Whether the iodine reaction is associated with the brown colouring 
matter I cannot say, but if one half of a piece of frond is placed for a short 
time in hot water to destroy the brown coloration, the iodine reaction is 
obtained only with the brown portions of the frond. 

It is probable, therefore, though not quite certain, that the action of light 
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on the chlorophyll of laminaria brings about the prodneticai of an oxidiaing 
substance capable of effecting the decomposition of iodine compounds which 
may be contained in the chlorophyll cells of the plant, and that the iodine 
thus set free may either escape or be re-absorbed by the slime which occurs 
in Buch abundance in laminaria. 

The Fh(d(Mhcow.jiosition of (Jhlorophyll ialm pktee mly in tJUr Fnne.nce of 

Oxygen. 

Tlnee test-tutes were taken and lme<l with a film of chlorophyll by the 
caieful evaporation of a petroleum ether solution of grass cldorophylL 
One was placed with itH open end in a strong solution of potassium hydrate 
anti pyrogallol, to absorb the oxygen ; the second was placed in a strong 
solution of potassium hydrates to absorb the carbon dioxide, and the third 
was placed in distilled water. All three were kept in the dark for 
24 hours, and were then exposed to the light. The second and third 
bleached very rapidly. The first, which contained no free oxygen, remaiiie<l 
unbleached even after an exposure of some months. At the time of 
writing, it has been exposed for four months in a south window and is 
still unbleached. The second and third gave strong reactions both for 
aldehyde and for the oxidising agent. The exjwiment sIjows quite clearly 
that the bleaching of chlorophyll is the result of oxidation brought about 
under the influence of light. 

If this is correct, it occurred to me that we ought to be able to show that 
oxygen is absorbed in the process. To test this, I obtained four tubes 
16 orn. long and 4 mm. in diameter; they were drawn out at one end 
to a point, which was then broken oflf, so os to leave an opening less than 
1 mm. in diameter, lliree of these were lined with chlorophyll from a 
petroleum ether solution. Care was taken to get rid of all traces of the 
ether by forcing a stream of air througli the tubes for some time. I found 
a bicycle pump useful for tlie purjjose. The fourth tube contained no 
chlorophyll and was simply used as a control. The three chlorophyll tubes 
and the empty tube (No. 4) were then placed with their open ends down- 
wards in distilled water contained in two separate beakers. The water 
was at a sufficient depth to allow of its entry into the tubes to a beii^t 
of 2 cm. This was done to allow of tlie expansion of the nix in the tubes 
when they were exposed to the beat of the sun. The upper narrow ends 
of the tubes were then sealed with the bunsen flame* They were all 
placed in the dark for 12 hours. The next day they were all carefully 
measured, and it was found that the water was at the same height iU: 
each tnte. One of the chlorophyll tubes and the control tube were then 
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OwpOmi to sunlight. They were kept under careful observation to see 
that the expansion inside the tubes did not drive out any of the air. 
The chlorophyll in the chlorophyll tube soon began to bleach, and the 
level of the water began to rise and, in the course of a few hours, it 
reached a height of rather more than l/5th of the tube, showing that 
part of the air, probably the oxygen, had teen absorbed. The water in 
the control tube did not rise. The tutes were allowed to remain in the 
light mitil no further rise in the chlorophyll tube took place. At this 
stage the chlorophyll was not completely bleached, hut as on prolonged 
ex})osure to sunlight no further bleaching took place, it seemed fair to 
conclude that all the oxygen had teen used up. The tutes were now 
brought to the back of the room into diffused light and allowed to stand 
for some hours. Careful measurement of the chlorophyll tube showed 
that the level of water in the tube had risen to a height corresponding 
exactly to the percentage of oxygen likely to be present in the air 
enclosed in the tube when the experiment started. To test this, the control 
tube was placed in a strong solution of potassium hydrate and pyro. 
This gradually diffiised into the water contained in the tube and then 
gradually absorbed the oxygen in the tube. In the course of 24 hours, 
the level of this solution had risen in the tube until it was stationary, 
and this was found to be almost exactly the same height as the level of 
the water in the chlorophyll tute. This showed pretty conclusively that 
in the bleaching of the chlorophyll the whole of the oxygen of the air had 
been used up. To show that no oxygen was left, however, the chlorophyll 
tube was itself placed in the potassium hydrate pyro solution ; the tute 
was gently warmed until the water was nearly driven out, and then, on 
oooling, the pyro solution entered the tute and rose to exactly the same 
level as the level of the water previously contained in the tube, and 
remained at that level, thus showing that no oxygen had been left in the 
tube. 

Experiments were then made with the other two tubes which had been 
kept in the dark ; one was placed in a solution of potassium hydrate and 
pyro, the other was placed in the sunlight for some houm. On leaving 
them to stand for some hours at the book of the room to equalise the 
temperature, the level of the liquid in both was the same. Further 
experiments conducted more cai^efully with due attention to the oorreotions 
necessary for temperature and pressure showed quite conclusively that 
oxygen is afascMrbed when chlorophyll is bleached in the lights and that if 
euffleimt ohloropbyll is present, the whole of tlie oxygen in the air in 
with it is used up« It is possible, in fact, to make use of 
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chlorophyll instead of pyrogallol and potassium hydrate in makfaig 
quantitative dotenninations of the amount of oxygen contained in the air. 

The Premnce. of Carhon Dioxide ia not Neceamry for tlte Photo-deeom^Muitioii 

of Chlorophyll. 

The changes described in the last section are brought almut just as rapidly 
and as completely in the absence of carbon dioxide as when it is present. 

Thus, two flasks were prepared with films of chlorophyll from a petroleum 
ether solution of grass chlorophyll, as nearly as possible similar to each other. 
Into one 2 c.e. of distilled water were placed together with a short tube con- 
taining a stick of potassium hydrate to absorb carbon dioxide, and then 
tightly corked with a strip of potassium iodide starch paper in the neck of 
the flask. Into the second flask was placed 2 c.c. of water containing carbon 
dioxide from a sparklet apparatus, and this was then corked up, also with a 
strip of potassium iodide starch paper. Both were then exposed to sunlight, 
and it was found that the bleaching wets equally, rapid in both oases, that the 
potassium iodide starch paper was discoloured in both to the same extent, 
and that the aldehyde in both was similar in amount, so far as could be judged 
by the depth of colour produced with SchifTs solution. The experiment was 
tried several times under varying conditions, but the result was always the 
same, the presence or absence of carbon dioxide made no difference in the 
effects produced by the light. 

But although carbon dioxide is not necessary for the photo-decomposition 
of chlorophyll, it is possible that, when present, it may be used up in some 
way corresponding to the photo-synthesis in the living plant. Experiments 
conducted with known quantities of carbon dioxide in contact with thin 
chlorophyll films in long narrow tubes, as used in previous experiments, 
showed, however, that, whether present in large or in small quantities, the 
carbon dioxide is apparently not used up in the bleaching of chlorophyll 
outside the plant. The bleaching takes place quite readily so long as oxygen 
is present, but the subsequent tests showed no diminution in the amount of 
carbon dioxide, so far as this could be measured with caustic potash. 

The experiments are not conclusive, however. It is possible that a very 
small amount of carbon dioxide, too small to be measured quantitatively by 
the somewhat rough methods at my disposal, may be used up, but Uie fact 
that carbon dioxide is certainly not necessary for the bleaching of chlorophyll 
or the production of aldehyde, and that, so far as my experiments go, 
no appreciable amount of carbon dioxide is used up even when present 
in considerable quantities, would seein to indicate that, under the oondirions 
of my experiments, carbon dioxide is not used op by the chlorophyll whmi 



The Action L^ht on Chlorophyll. 401 

Moacbed in the light. It is important, however, that further experunents 
should be made in which the carbon dioxide determinaiiooB can be made 
more accurately. 

The Photo-decomposition of the Green and Ydlow Pigments of Chlorophyll. 

The green and yellow pigments were obtained by shaking up an alcoholic 
solution of grass chlorophyll with benzene. The alcoholic solution of the 
yellow pigment was then evaporated to dryness and extracted with 
petroleum ether. The benzene solution of the green pigment was treated in 
the same way. Thin films of these two colouring matters were then 
exposed to light (a) in the absence and (b) in the presence of carbon dioxide. 
In both cases the yellow pigment bleached rapidly, and gave a very strong 
reaction both with Schiffs solution and with potassium iodide. The green 
pigment bleached much more slowly and did not give quite as strong 
a reaction with either Schiffs solution or potassium iodide. Similar results 
were obtained with strips of paper tinged with the green and yellow 
pigments respectively. Thus, paper tinged with yellow pigment from grass 
chlorophyll gave, after 40 minutes’ exposure to diffuse sunlight in January, 
a strong reaction both with Sohiff’s solution and potassium iodide. The 
green pigment under the same conditions gave no reaction. Paper tinged 
with ordinary grass chlorophyll gave a slightly stronger reaction than the 
yellow pigment. At the end of two hours the green pigment gave a very 
slight reaction with Schiff’s solution, but a strong reaction with potassium 
iodide, the yellow pigment a strong reaction in both oases. 

The more rapid oxidation of the yellow pigment can also be seen by 
lining narrow glass tubes (a) with the yellow and (b) with the green 
pigment. These are then placed with their open ends downwards in water 
and exposed to bright sunlight. The water rises very rapidly in the tube 
with the yellow pigment, showing a rapid absorption of the oxygen, but 
more slowly in the tube with the green pigment. In both oases, however, 
the whole of the oxygen in the tube ultimately becomes used up, and the 
water rises to the same level in each. 

The tubes were 39*4 cm. long. After exposure to light the water rose 
8*fi cm. The height of the water in a control tube of the same length was 
0*5 om. Consequenjdy on subtracting this both from 39*4 and 8*6, the ratio 
8*1 to 38*9 gives 20*82 as the t>erceatage pf oxygen absorbed. 

The Action of OaMising Agents upon Chlorophyll. 

As the decomposition of chlorophyll by light appears to be an oxidation 
pKOoeils brought about by the oxygen of the air in the presence of light, 
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it occurred to me that similar effects might be brought about in the churk by 
the use of some of the ordinary agents such as hydrogen peroxide and 
l)emmnganate of potash. I accordingly placed chlorophyll films, obtained 
by the evaporation of a petroleum ether solution of grass chlorophyll, in 
contact with a very dilute solution (pink) of permanganate of potash. These 
were allowed to act for six days and were then examined. In all cases the 
chlorophyll films showed considerable bleaching, and on carefully washing 
them with water to get rid of the oxidising agents and then bringing them 
into contact with Scluff’s solution, a pronounced pink coloration was pro- 
duced, showing the presence of an aldehyde. The aldehyde at first appeared 
in the film, but the colour soon became dissolved in the Schifl’s solution, 
leaving a thin white layer in the glass. The powerful oxidising solution 
made by adding a few drops of sulphuric acid to a dilute solution of perman- 
ganate of potash acts very rapidly in bringing about the oxidation of 
chlorophyll and the production of an aldehyde. A film of chloraphyll placed 
in contact with the solution began to bleach at once, and in half an hour gave 
a very prpiiounoed reaction with Schiff’s solution. 

The following experiments were also tried: A film of grass chlorophyll 
placed in the dark in contact w;ith a 20-per-cent, solution of hydrogen 
j)eroxide for 16 days and then washed in water gave a strong reaction with 
Schiff’s solution. The pink colour was first of all developed in the film, 
but soon lieoame washed out iu the solution, leaving a whitish layer on the 
glass. 

A film of the yellow colouring matter of chlorophyll was treated in the 
same way, and gave a similar reaction with SctiifTs solution. 

A film of the green oolouiing matter of chlorophyll, treated in the same 
way, showed very slight decoloration or bleaching, and gave no reaction 
with SohifiTs solution. 

Similar results were obtained when strips of paper tinged with chlorophyll 
were used. 

The bleaching of chlorophyll in the presence of hydrogen petordde takes 
place much more rapidly in the light than in the dark. Thus, a film of 
grass chlorophyll was completely bleached in 12 hours in the light, but a 
similar film was hardly changed after ten days in hydrogen peroxide m the 
dark. In bright sunlight, complete bleaching was effected in three hours. 

The film which had been bleached in the light gave a very strong resetion 
for aldehyde, and the oxidation of the film was so complete that only a 
trace of white film was left on the glass after the aldehyde had beep 
dissolved out by the Schiffs solutioo. 

The dilute sulphuric acid solution of permanganate of potash is a modi 
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move powerful oxidising agent tliau hydrogen peroxide in it» action upon 
chlorophyll. In the dark a very pronounced bleaching is obtained in half an 
hour, and nearly complete deoolorigation is effected in about two hours, with a 
correspondingly strong reaction for aldehyde. In the light the bleaching 
takes place slightly more rapidly than in tlic dark. 

The yellow colouring matter of chlorophyll bleaches very rapidly, the 
green colouring matter very slowly in [jcrnianganate of potash and sulphuric 
acid. Two films of equal size were prepared in two test-tuhes, (1) of the 
yellow colouring matter, and (2) of the green colouring matter of grass 
chlorophyll, and equal quantities of the permanganaU^ solution were poured 
into each with the following results : — 

(1) Yellow colouring matter : In 50 seconds the pcTumugauate solution 
was nearly colourless. At tlie end of two minutCH it was poured off ; the 
film was quite bleached and gave a strong reaction for aldehyde with 
Scliiffs solution. The cxt>eriment was repeated with the yellow pigment 
from leaves of Chrysanthemicm paiihenium (Feverfew) with a similar result. 

(2) Green colouring matter: At the end of one hour the permanganate 
solution was not quite colourless ; the film still showed a yellow-green 
(coloration, but was more strongly bleached in the thinner parts. . In order 
to ensure more complete blcachijig, fresh quantities of penuangaaate 
solution were added from time to time, hut even at the end of 12 hours the 
bleaching was not complete. On testing with Sohiflfs solution, the film 
gave, however, a strong reaction for ahUdiyde, 

None of the films bleached by oxidising agents, either in the dark or in 
the light, gave a reaction with potassium iodide. 

Experiments with stri]>8 of paper tinged with (1) grass chlorophyll, (2> 
the yellow pigment, and (3) the green pigment from grass chlorophyll, gave 
similar results on treatment with the permanganate solution. (1) and (2) 
began to bleach at once, and at tlie end of half an hour gave a strong 
reaction for aldehyde ; (3) showed a slight reaction only at the end of two 
hours. 

From these experiments we may ihaw^ the extremely interesting 
conclusions that, so far as the production of an aldehyde is concerned, the 
oxidation of chlorophyll in the dark by means of solutions of hydrogen 
peroxide and permanganate of potash brings about a similar change to that 
which is effected when chlorophyll is acted upon by light in the presence of 
oxygen. 

We have seen that the yellow colouring matter obtained both from grass 
chlorophyll and from the chlorophyll extracted from the leaves of Chrymti^ 
tfieimm parihenium bleaches very readily in the light, and also in 

VOI*. LXXXVIl.— B. 2 H 
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oxidising agents. This led me to suspect that the yellow colouring matter 
extracted from etiolated leaves — ^leaves in which only a yellow colouring 
nmtter had developed — would give the same results. Tlie yellow-orange 
colouring matter extracted iroiii etiolated rhubarb leaves was found, 
however, to bleach more slowly, both in light and in oxidising reagents^ 
than ordinary chlorophyll obtained from grass, and very much more slowly 
than the yellow pigment from grass chlorophyll. Whether this has 
anything to do with the lack of photo-synthetic activity which Miss Irving* 
has found in chlorophyll not completely developed I cannot say, but, 
considered in the light of Miss Irving's observations, that the photo-synthetic 
activity of chlorophyll does not reach its full sti’ength uixtil the chlorophyll 
has been fully formed, tlie retardation of the photo-oxidation of the otiolin is 

considerable interest. 

It is, of 0001*86, possible that the yellow colouring matters from other 
plants may be found to liehave diflPerently in this respect, and too much 
stress must not be laid, therefore, upon the experiments just described. It 
is ])roposed to continue these observations. 

The Aelion of liediwing Agents upon Oxidised (fhlorophylL 

We have seen that the photo-oxidation of chlorophyll results in the pro- 
duction of an oxidising substance and of an aldehyde. Koth are therefoi-e 
oxidation products, and it was of some interest to ascertain the action of 
reducing agents upon them. 

Three strips of paj^er coloured green by grass chlorophyll in a petroleum 
ether solution wore exposed to the light until visibly bleached : 1 and 2 
were then placed in a strong solution of phenylhydrazine, 3 was cut in two 
and one portion was treated with Schiffs solution, the other with a 10-per- 
oent. solution of potassium iodide. Both gave a strong reaction. After being 
kept in the phenylhydrarine solution for three hours, 1 was placed in Schiff s 
solution, 2 in potassium iodide solution, and in neither case was any reapction 
obtained. 

Similar results were obtained with stannous chloride, and with a pyro-soda 
photographic develq)er. 

Chloropliyll paper oxidised in the dark by the permanganate of potash 
solution, then treated for three hours with phenylhydrazine hydrochloride also 
gave no jmction either with ScbiflTs solution or potassium iodide. 

Tlie reducing agents do not bring back the green colour to the oxidised film, 
but the activity of both the products of chlorophyll photo-oxidation is 
destroyed. 


^ ‘Anu. Bot.,’ 13)10, 
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Gonclmion, 

The experimeuts outlined in this paper indicate, so far as experiments con- 
ducted on dead chlorophyll extracts can be taken as an indication of vrhat 
goes on in the living plant, that the bleaching of chlorophyll is not a result 
of tlie activities set up by photo-syntbesis, as suggested by Usher and Priestley, 
but is the actual basis and starting point of the changes set up in the green 
leaf under the infltience of light. In other words, the aldehyde produced 
under the conditions described in this paper is a product of the photo- 
decomposition or photo-oxidation of chlorophyll and is not a result of the 
direct photo-synthesis of carbon dioxide and water. 

The aldehyde appears to be in fact purely a product of the photo-oxidation 
of chlorophyll. This motlifies our conception of the changes which may 
possibly Uke place in the living plant. We know tliat oarbon dioxide is 
necessary for the production of sugar and starcli in the living cell. But 
if the sugar imd starch are produced as the result of changes taking 
place ill an aldehyde, and if the aldehyde is a direct product of the decom- 
position of chlorophyll, then we must conclude that the carbon dioxide before 
it can be used is Imilt up independently into the chlorophyll molecule, ami 
it is possible that the' production of sugars and starch may be initiated by 
photo-oxidation of the chlorophyll rather than by the direct phobo-synthesis of 
carbon dioxide and water. 

Sitmrnary, 

1, An account is given in this paper of some of the effects produced by 
light upon chlorophyll. When chlorophyll is exposed to the light at least 
two substances are formed, one of which is an aldehyde or mixture of alde- 
hydes and the other an active chemical agent, capible of bringing about the 
liberation of iodine from potassium iodide. 

2. These products of decomposition can be very easily demonstrated by 
means of strips of jmper tinged with chlorophyll. When bleached in the light 
and placed in Schiffs solution, a deep pink colour is developed showing the 
presence of .an aldehyde; but if placed in a 10-per-cent, solution of j>otassium 
iodide, a reddish blue coloration, which becomes blue on washing in water^ is 
developed, showing the presence of an oxidising agent. The same products 
are obtained when films of chlorophyll on glass are bleached in the light. 

8. The bleaching of chlorophyll is less at the blue end of the spectrum than 
at the red end, with a corresponding variation both in the aldehyde and 
potassium iodide reactions. But if the exposure to the blue light is prolonged 
to al)out eight or ten times that of the red light, the reactions are just as 
pronounced, The bleaching and the corresponding products of decomposition 



406 


Mr. Wager. 

are probably theiefore proportio^l to the photo-synthetio activity of the 
chlorophyll in the different parte of the spectnmi. 

4. The presence of formaldehyde is not very clearly indicated in my 
experiments. Rimini's test, as modified by Schryver, gives indications of a 
trace of formaldehyde when chlorophyll is exposed to light both in the presence 
and in the absence of carbon dioxide, but I do not consider the results reliable, 
and in ray case the reaction given is nothing like so strong as is indicated by 
SchifTs solution. The test used by Harvey Gibson is also veiy sensitive to 
formaldehyde, but is unreliable as it gives a pronounced reaction with 
solutions of sugar and starch and other siil)8tanceB. All that can be said at 
present is that in the photo-decomposition of chlorophyll a considerable 
quantity of aldehyde is formed, with possibly a small amount of formaldehyde. 

5. The oxidising substance appears not to be hydrc^en peroxide^ bub it 
may be an organic peroxide derivative of the chlorophyll. 

6. The bleaching of chlorophyll in fdtu in dead green leaves, algm, and 
other chlorophyll-containing organisms, gives the same products as the 
chlorophyll extracts outside the plant. 

7. If a fresh green leaf of Oxalis acetomllu is exposed to an intense light 
concentrated upon it by a lens, as in Pringsheim's exi>erimentK, the bleached 
chlorophyll gives an aldehyde reaction when placed in SchifiTs solution. If 
the leaf contains abundance of starch, it may, after the action of the 
intense sunlight, be placed in a solution of potassium iodide, when the 
oxidising agent sot free from the chlorophyll will liberate the iodine, and 
the starch grains will be, coloured blue. The experiment is not an easy one 
to perform, as it is so very difficult to hit just tlie right moment to stop the 
bleaching, in order to get the potassium iodide reaction. See also the 
experiments on Laminaria. 

8. The decomposition of chlorophyll with the production of aldehyde and 
peroxide takes place just as readily in the absence of carbon dioxide as when 
carbon dioxide is present. My experiments show that carbon dioxide is not 
used up in tlm process even when present in considerable quantities. Cartoi 
dioxide is not necessary therefore to the production of the aldehyde. 

9. The photo-decomposition of chlorophyll takes place only in the presence 
of oxygen. Oxygen is used up in the process. If sufficient chlorophyll is 
present, all the oxygen in the air in contact with the chlorophyll is absorbed. 
Chlorophyll may be used instead of caustic j^otash and pyrogallol in the 
analysis of air. 

10. Chlorophyll is slowly oxidised in the dark by a solution of hydrogen 
peroxide. In the light the action is more rapid, but not more so than wh^m 
light acts oh chlorophyll in the presence of oxygen. A rapid oxidation of 
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the chlorophyll takes place in the dark in the presence of a dilate solution of 
permanganate of potash to which a few drops of salpburic acid have been 
added. In both oases an aldehyde is produced which own be made evident 
by means of SohifTs solution. 

11. If a strip of potassium iodide starch paper is exposed to li^t under 
coloured filters the paper turns reddish blue under the blue filter, showmg 
the liberation of iodine, but not under the red filter. If, however, the 
iodised starch paper is first of all tinged with chlorophyll and then exposed 
to light under the same filters, a strong reaction takes place under the ted 
filter. 

A strip of bleached chlorophyll paper, pieced in contact with a strip of 
damp iodised starch paper in the dark, is also capable of effecting the 
liberation of iodine, and the starch paper turns bine. 

12. It is su^ested in conclusion that the production of sugars and starch 
in the green leaf may be initiated by the photo-oxidation of chlorophyll end 
the subsequent polymerisation of the aldehyde thus formed, rather than by 
the direct photo-synthesis of carbon dioxide and water. 
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The Controlling Influence of Carbon Dioxide in the McUuration, 
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(Communicated by Dr. F. F. Blackman, F.I4.S. Beceived January 10, — 
Bead March 6, 1914.) 

IrUroduction. 

The cause or causes conditioning arrested development in moist seeds and 
the nature of the impetus which results in germination are still in most 
respects obscure. The problem of the nmr-germination of maturing seeds 
while still upon the parent plant and the large range of oases of delayed or 
non-gerroination of shed seeds which to all appearances are in good condi- 
tions for germination form the basis of this research. 

It is (o be emphasised that the problem of seed dormancy is not limited 
to the case of the dry seed. The more important, but less obvious, condi- 
tions of dormancy are those found in moist maturing seeds, and in cases of 
‘delayed germination in the presence of sufficient conditions of moisture and 
temperature. It is these which have the most interesting analogies in other 
fields, and an analysis of which may be more fruitful from the point of view 
of physiol(^ in general. 

It is nseful at the outset to examine certain conclusions that are being 
« reached by workers who have set themselves to elucidate the processes of 
similar phenomena in other departments of physiology. In certain aspeots, 
the latency of the unfertilieed ovum offers an analogy with the latency of 
moist seeds. In each case the latency is only ended by the onset of definite 
causes ; in each case in the absence of these causes the period of latency is 
sooner or later terminated by death ; and in each case also the sequence of 
changes that follow the onset of the stimulus is, in a broad sense, physio- 
logically comparable. The interest of this analogy, moreover, is increased 
by the prominence which has recently been given to a simple interpretation 
of the nature of the fertilisation stimulus. Loeb (l) has attempted to 
outline its essential features as follows. These appear to be, firstly, an 
acceleration of oxidations which follows destruction by cytolytic agents of 
a cortical layer in the egg which has hitherto prevented oxygen from 
reaching the surbase of e^ and from penetrating into the latter 
sufficiently rapidly. Secondly, Loeb believes that an internal change takes 
place which renders innoonons the toxic products of oxidation. He shows 
that the unfertilised matured egg dies soon, and he attributes this to the 
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toxic action of products of oxidation, as its life ean be prolonged in the 
absence of oxygen^ 

Again, it has been a feature of recent work under many aspects to 
emphasise the action of the ordinary metabolic products of cell life in 
producing deep functional changes, both normal and abnomal. The nature 
of the action of these products is being studied in detail, and it has 
become clear in certain cases that what appears to be an act of excitatory 
stimulus producing a certain forward change is in reality the removal 
of a depressant stimulus normally present which acts as an inhibitant. 
Thus, for example, it has been recently shown* that the growth of the 
mammary glands in a pregnant female is due to a product of foetal growtli 
which acts by overcoming the inhibitory action of a substance which is 
normally present and prevents the development of these |>artB. 

The case of antithrombin normally present in the blood in sufficient 
quantities to inhibit the action of any thrombin ferment formed, and so 
preventing any intervascular clotting, is well known. The study of 
immunity affords a very large number of instances of antibodies whose 
function is the inhibition of the harmful stimulation of poisons. Csapek (3) 
in bis work on the anti-ferment reaction in tropistic movements of plants 
has added another interesting example in this line of discovery. He 
demonstrates geotropic stimulation to be accompanied by an accumulation of 
homogen tisiuio acid due to the action of an antifermeut inhibiting its break* 
down by oxydase normally present. 

In this paper the indicated problem of the dormancy of moist seeds has 
been attacked from the point of view that dormancy must be conditioned by 
the absence of an essential stimulus or by the presence of an inhibitory 
agent The two-sided question therefore which is presented at the 
outset is as follows: What is the nature of the positive stimulus to 
germination or what ie the nature of the inhibition which must be over- 
come to initiate this process ? 

Jinfimme of Carbon Dioxide in InMbitinff the Germination of Moist Seeds. 

(a) Carbon Dioxide InMits the Germination of Seeds vnthout Producing 
will be useful to begin with a brief examination of the group of 
phenomena olasssd under the term “delayed germination.” In one olaraof 
cases it is known that maz^ seeds do not immediately germinate in nature 
even when to all appekranoe placed in optimum germinating oonditions. This 
is true of a number Of native species which remain in the ground during the 
winter, although freely germinating in the following spring. In another 

* By Prof. Starling and MSm E. Lane-Clayponffi). 
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considerable class of oases t^e seeds appear to be capable of teiaainiog 
indefinitelj in the ground without germinating, while preserving latent their 
power of growth under certain conditions, the nature of which does not 
appear to be clearly understood. We find the embryos of these latent seeds 
to be apparently in good germinating conditions, that is, supplied with 
sufficient water, in an atmosphere containing the normal percentage of oxygen, 
and at a temperature sufficient for germination. 

In a large number of oases of this phenomenon quoted by Nobbe and 
Hanlein (6), sporadic germination over periods of months, and even years, is 
a marked feature. In natural conditions Braaeiea nigra is an example of 
these cases of delayed germination. In Sussex it is locally called Kelke, and 
every farmer and labourer along the northern slope of the South Downs will 
give examples from his experience of the seeds sprouting in newly ploughed 
land after they have lain dormant for years, while the land has been under 
pasture or hay. 

In certain of these cases of delayed germination in germinating conditions, 
non-germination has been shown by Ewart to be accompanied by a lack of 
water in the embryo due to the impermeability of the testa to water. These 
cases do not bear upon our problem. It is with the range of cases in which a 
full water supply is demonstrated that interest lie& So far as explanations 
based on experiment have hitherto been forthcoming for non-germination in 
these seeds, they have been mainly directed to elucidate this somewhat 
striking phenomenon from the point of view that the testa is shielding the 
embryo from a sufficient supply of oxygen. 

. Crocker (5) has reached this conclusion from his work upon the upper seeds 
of Xanthium burrs, which normally do not germinate till after they have lain 
over one year in the soil. He found that while at a temperature of 19® C. 
these seeds would not germinate — though containing a sufficient supply 
of HsO and though lying in a normal atmosphere {i.e. with a partial 
pressure of oxygen equal to 150 mm.)— germination could nevertheless be 
immediately induced by removal of the testas. Beoently Shull (4), working 
upon these same seeds, has given us the actual minimum values of oxygen 
necessary for the germination of the naked embryos. At a temperature of 
21° C. the minimum partial oxygen pressure required them is not more 
than 12 mm. If we are to adopt Crocker’s view, therefore, that the non- 
germination of these seeds with the testa intact is due simply to the fact that 
only a subminimal quantity of oxygen can reach the embryo, we shall have to 
say that the wet testa is able to reduce the pressure of oxygen in its passage 
through it from 150 mm. pressure to less than 12 ima. 

It is conceivable that in the maturation of the seed and in delayed 
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germinatiou under ordinary and special cirouxnstanoes we may be dealix^ not 
with an insufficient oxygen stimulus but with an inhibitory cause or group of 
causes* Such a condition might result in the case of the seed if the testa acts 
in any way as limiting the aeration of the embryo, for we might expect then 
two results : — 

( 1 ) A reduction in the amount of oxygen reaching the embryo, and 

(2) A relative rise in the actual OOg pressure in the embryo tissues. 

The crucial question first arises, therefore, as to the actual effect of increased 
pressures of CO 3 in the tissues of the embryo. The experiments which follow 
have been Immediately directed to ascertain in the first place the actual effect 
of increased pressures of COg upon the germinatiou of quickly germinating 
seeds. 

Technique of Expenments made to Ascertain the Effect of Increased Partied 
Pressures of CO 3 on (hrminaiion. — In setting these experiments a known 
quantity of pure silica sand was first introduced into large flasks and 
saturated with water. This was done by adding an excess of water and then! 
drawing it off by tipping the flasks. If this was carefully done the sand 
was left saturated with water in a layer adhering to the bottom of the 
flasks. The seeds were carefully dropped on to this surface by means of a 
glc^ tube, and, where necessary, as in the case of larger seeds, a further 
measured quantity of HgO was added. The flasks were then stoppered with 
new rubber corks fitted with one glass tube closed by means of pressure 
tubing and a pinchcook. Oases in any proportion desired were now quickly 
introduced by first withdrawing a quantity of air by an air pump, the 
amount being read by a pressure gauge. Where small quantities of COg 
were desired up to 6 per cent, of an atmosphere, the operation was performed 
by means of a specially made apparatus on the model of Hempers gas 
burette, using mercury. By means of this apparatus very accurately 
measured amounts of air can be withdrawn and equal lots of CO 3 introduced. 
For higher percentages of CO« the air pump was employed. The artificial 
atmospheres were for the most part checked by analysis after setting. The 
carbon dioxide, oxygen, and nitrogen employed were in all oases from 
cylinders as supplied by the Carbonic Acid Company and British Oxygen 
Company. 
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Table I. — The Effbct of Increased Partial Pressmes of 0G» on Barley 
{Hordtwm vulgare) in Betarding and Inlubiting Germination, and the 
Besumption of Kormal Activity on Bemoval of these Increased Partial 
Pressures. 


Actual percentage 
of 00) in air aa act. 
(B/ analjiie.) 

Oe 

In presence of raised 
00) pressures. After 

nninations. 

In air after remoral of raised 
CO) pressures. After 

Final total 
percentage 
of germina^ 
tion. 

42 hn. 

70 hrt. 

118 hrs. 

20 lira. 1 44 hn. 

1 

70 hn. 

Final 
12 days. 

0 

a 

9 

10 

i 



100 

(air with KOH) 




i 




6^ 


8 

0 

! 



90 

12-0 


9 

9 




90 

17 -8 


8 

8 

i 



80 

28 6 


6 

6 

8 1 9 

9 

9 

90 

285 


8 

5 

8 ; 9 

9 

9 

90 

Sfi-O 



1 

8 10 

10 

10 

100 

87 *« 



1 

5 ( 7 

' 8 I 

8 

80 

48*5 




1 ! 2 

; 8 

6 

60 

86*0 

[H 

i 

i i 




0 


Tempeiuture, 20* C. thermottfti. 10 seeds in each experiment. 


Table II.— The Eflhct of Increased Partial Pressures of CO» on Peas {Piami 


sativum) in Betarding and Inhibiting Germinations and the Besumption 
of Normal Activity on the Bemoval of these Partial Pressures. 


Appmzimata 
nercentage of 
OCh in air ae set 
(By analysis.) 

OerminationB. 

Final total 
germinations out 
of fire seeds in 
each case. 

In presmoe of raised 
pressurM d 00). 

After 

In air after remoral of 
raised pressures of 00). 
After 

44 

hrs. 

68 

h». 

' 

96 

hrs. 

7th 

day. 

8th 

day. 

9th 

day. 

lUh 

day. 

20th 

day. 

0(rir) 

1 

1 

5 

5 


. 

. 



5 

6 

0 

2 

8 

4 





4 

12 

1 

8 

4 

5 





5 

.18 


1 

« 

5 





6 

24 


0 

1 

5 





5 

80 


2 

4 

4 

5 

6 

5 

6 

5 

50 





8 

4 

5 

5 

5 

70 





2 

4 

4 . 

4 

4 

100 


1 

1 



0 

1 

2 

a 

8 


Temperstuw, 0. themiMtst. FStr* wcdi in «Mh oMe. 
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Table HI. — The Effect of Increased Partial Pressures of 00s on Bean 
( Vim, f aha). Cabbage {Brassica oleraeea), and Chiion (AlHum, cepa) Seeds 
in Inhibiting Germination, and the lieaomption of Normal Activity on 
the Keinoval of these Increased Partial Pressures. 


Species of 
seed uevd. 

Feroentage of 
CO) in air in 
which seeds were 
set to germinate. 

Tim© during 
which seeds 
remain in arti6- 
eial atmosphere 
containing raised 
percentage of 

Resulting 
germination in 
artidoial atmo* 
sphere containing 
raised percentage 
of COs. 

Final percentages 
subsequently in 
normal air. 

Of ger- 

Of good 



00,. 

ini nations. 

plants. 

Cabbage 

25 

days 

10 

All inhibited 

72 

72 

(50 seeds) 

BS 

10 

.. 

88 

88 


U 

10 


76 

76 


0 

0 

Normal germina* 

84 

84 


(air with KOH) 


j tion at once 



Beans 

45 i 

S 

All inliibited 

96 

85 

(80 seeds) 

58 

8 

»» 

76 

55 


89 , 

8 


85 

60 


0 1 

0 

Normal germina- 

96 

85 

i 

(air With KOH) ! 


tion at once 



Onion 

23 1 

11 

28 )>er cent, gor- 

44 

44 

(50 seeds) 



mtrtated 



30 

11 

All inhibited 

50 

60 


68 7 

11 


46 

46 


0 

0 

Normal germina- 

60 

00 


(air witli KOH) 


tion at once 




Average temperatures 1 7 ‘S'* 0. 


(b) The Peculiar Case of White Mudard (Brassica alba). — Braasiea alba- 
was peculiar among the seeds experimented on, in that inhibition was 
continued indefinitely after the removal of the seeds from increased partial 
pressures of CO* to normal air, and was then only terminated by the treat* 
ments described in Tables IV and V. 

White mustard seeds that have been inhibited by the action of C0» while 
getminating will lie indefinitely in germinating conditions without sprouting 
or with sporadic sprouting over long intervala They have all the appear- 
ance of continued vitality, and they do not become attacked by moulds. The 
part played by the testa in securing the continuance of the inhibitory efifoot 
of carbon dioxide after the removal of the inhibitory agent is of great interest. 

In the following table it will be seen that dormancy produced by -COj 
was contintted for two to three months after removal of the seeds to air, 
suitable conditions for germination being maintained throughout. Finally 
the seeds returned to normal activity and germinated 100 per cent in every 
case following the treatments desoribwi 



Table IV, — The Effect of Increased Partial Pressures of Carbon Dioxide on White Mustard Seeds {Bramca alba) in 
Betarding and Inhibiting Germination, the Continued Dormancy of the Seeds after their Eemovai to Air and their 
Final Resumption of Normal Activity following Certain Definite Treatments. 
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Arenge temi>erAtizre, 17 ‘6* C. 

* G^rrainatiiig oondiiioiis in miuzitained for 4 weeks with no further germinations reeulting, 
t 00^ preeenres tmuntmned for 8 weeks with no further germinations resulting. 
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From the above tables of results it is clear that the ease of Brtmiea alha 
seeds is peculiar in that the inhibition extends after the removal of the 
inhibiting CO» pressures from the atmospheres over the seeds. This after- 
inhibition may extend for months accompanied by a sporadic germination. 
The presence and condition of the testa seem to be the controlling &otors in 
this after-inhibition. Germination is at once induced by the removal of the 
testa or usually by the complete drying of the seed. 

(c) Delayed Germination in Nature . — From these experiments it is clear 
that a condition is produced in the seeds of white mustard after treatment 
with increased partial pressures of CO* which very closely parallels that of 
seeds showing delayed germination in natural conditions. This fact is 
brought out more clearly when the results obtained in the laboratory 
with Braseica alba seeds are compared with the results recorded by Nobbe 
and Hiinlein (6) as occurring in nature. These authors give a large number 
of cases in which they observed indefinitely delayed germination in natural 
conditions accompanied by the sporadic sprouting of some of the seeds 
extending over long periods. A few examples may be given. 


Table VI. — Extract from Nobbe and Hanlein's Tables of Seeds showing 
Delayed Germination in Natural Conditions. 


Number und name 




Oermioations after 

- days. 



of seeds. 

1 

5 

7 

S i 

i 

10 

! 146 


519 

! 

FinaUy. 

Captella hurva-paHoriity j 

i ^ 

i 

6 




i 10 

u 

31 

58 

76 

400 seeds ! 

Thta*pi arveiute i 

j — 

i 21 

1 

\ “ 

; j 

6 

16 

87 

87 

( 


A similar result was obtained by these authors with a large number of 
species. The following may be mentioned ; — Chelidonium majue, Myomrua 
'minimua, Plantago media, PoterUiJla aryentea, Veronica leecahmya, Chenopodium 
album, Campanula rotundifclia, Campanula persiei/olia. 

The similarity shown in the results obtained with the seeds of Bramea 
alba inhibited under the influence of CO* in artificial conditions to those 
demonstrated by Nobbe and Hfinlem(6) as occurring in natural oonditions 
is thus very marked. 

Again, Crocker (5), working on a special case of delayed ^nmnation in the 
upper seed of the burr of Xanthium, which, in oontradisUncUon from the 
lower seed of the burr, does not germinate in the first year after ripening but 
in the second, found that by removing the testa he could induce immediate 



Carbon Dvoxide in Maturaiion^ oic., of Seeds. 417 

gert^ixiatiot} at any time after ripening. The case of the inhibited seeds of 
Bramea alba offers an exact parallel to this case also. 

(d) Experiments Beprodnoing in Haiwre, wUh COa Naturally Produced, the 
Bemlts obtained in the Laboratory with Brassioa alba Seeds. — In drawing the 
foregoing parallels, a reflection which is suggested is that the inhibition of 
the Srassica alba seeds has been produced in the laboratory under conditions 
remote from those found in nature. 

The following series of experiments were therefore directed to ascertain 
whether this objection is valid. The outcome of these experiments, it will 
be seen, is to indicate that the results of inhibition under the influence of 
COj* obtained in the laboratory with Brassica alba can be readily reproduced 
in the soil in conditions such as may occur widely in nature. The method of 
procedure was as follows : — Pits of various depths were dug in a garden soil 
consisting of sandy loam with very few stones. Short, fresh-cut grass was 
spread at the bottom in some cases. In others, green garden rubbish took 
the place of grass. The earth was then returned to the pits, and seeds, 
enclosed in small cotton-net bags, were inserted in it at various depths. The 
COa content of the atmosphere of this soil at various depths was taken 
constantly during the experiments. 

The following was a typical experiment: — On August 16, 1912, a pit 
18 inches deep and 2 feet square was dug, a layer of packed green grass 
about 3 inches deep inserted, and the pit then filled up by the return of 
the earth removed. Seven days later, on August 23, three lots of 26 seeds 
each were buried at depths of 3, 6 , and 9 inches in the earth in this pit 
over the grass. At the same time three control lots of seeds were placed 
at corresponding depths in a control pit close by, out of which the earth had 
been dug, and similarly returned seven days previously, but in which no grass 
had been placed. 

The following are examples of the percentages of CO 3 found in samples of 
soil air taken during the experiment at depths of 6 and 12 inches in the pit 
containing grass : — 

Per cent. Psr cent. 

August 23 at depth of 6 inches 12*4 COa \ at depth of 12 inches 18*8 OO 3 . 

» 29 „ „ 16*6 COa; „ „ 20*0 COa. 

In the earth in the oontrol pit, without grass, the COa content of the soil 
continued steadily at about 1 per cent, at depth of 12 inches. 

After seven days in the soil the seeds were removed and examined. ¥one 
of those over the pit containing decaying grass had germinated at depths 
of 6 and 9 inches, while at a depth of 3 inches only 3 out of the 26 seeds 
had {^routed. All the seeds of the oontrol lots at each depth in the pit 
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without grasB had germinated and aprouted vigorouslj. Tlie iMults 
obtained are shown in the photograph ahd in the following table. 



Beauks obtained with liraunca alha seeda in pit over Qraaa and in Control Pit 
without Graaa after aeven daya. 

Table VII. — Eesulta obtained with Braasim alha Seeds, planted (1) in Soil 
over Decaying Green Grass, and (2) in Ordinary Soil. 


Depth** 

OerminAtionB out of 25 Beeds after 7 dajB, 

Over decaying grans. Control in ordinary aoil. 

inoheB. 

5 

6 

9 

i 

8 just sprouted | 2fi well grown. 

0 1 26 ,. 

0 j 26 


Thus 72 out of the 75 Braaaka alba seeds planted in soil over decaying 
grass were inhibited in oonditiops which may be supposed to occur some* 
times in the soil (e.g., in the ploughing in of green crops*). These seeds 

* Tiie caae of heavily dunged land would alao auggeat itself. Boussingault and Lewy, 
in a large aeries of analyses of soil air, found 10 per cent, of COj in manured soU lOdays 
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germinated eporadically afterwards, but systematic observations were not 
made in this first series of experiments as regards the after-behaviour of 
the inhibited seeds. A further series was. however, set in which the 
subsequent behaviour was noted. In this it was found that the results 
obtained with seeds inhibited in the soil closely conformed in all respects 
to the results obtained with those inhibited in laboratory conditions. In 
this experiment, which was conducted at a temperature of 6-7® C., and in 
which the seeds were left in the ground for 16 days, the COa content in the 
soil over the buried grass rose from 10 per cent, on the 8rd day to 22 per cent, 
on the 16th, No germinations occurred with the Brcmim alha seeds placed 
in the soil over the pit in which grass had been placed. All the seeds 
placed in the soil in the control pit without grass vigorously germinated 
within 10 days. When the inhibited seeds were removed to normal con- 
ditions of germination, 20 per cent, germinated sporadically within the first 
10 days. The remainder were apparently living at the end of two months. 
None had been attacked by moulds. At this stage the testa was removed 
from a number of the seeds, with the result that germination was imme- 
diately induced, as in the laboratory experiments recorded above. 

It would appear, therefore, that it is possible to reproduce in natural 
conditions, which may occur widely in the soil, the results obtained in the 
laboratory with inhibited Brassica dha seeds. 

(e) Actim of the TeMa. Bare Emh^os inhibited hy Carbon Dioxide . — It is 
desirable now to return to the problem in its original form, in which it was 
indicated that germination may be due (1) to the action of a definite stimulus 
such as would be supplied by the access of oxygen under suitable conditions 
of moisture and temperature ; or (2) to the removal of some inhibitory agent 
which has so far restrained the seed from entering upon the cycle of changes 
which begins with germination ; or (3) to an inter-relation of both these 
causes. 

In the experiments with carbon dioxide acting on the seed in germinating 
oonditicms so far related, it will be seen that certain partial pressures of CO* 
have the effect of retarding and inhibiting germination, the seed being 
capable of resuming growth without any apparent injury on the removal of 
the depressant. In the oases dealt with we seem to have two classes of 
results which must be separated. In the cases of all the seeds excepting 

after treatment. It appears from theee results that caution is neoessarf in placing seed 
in the ground into which green crops have been ploughed or which has bwn recently 
heavily manured. In some of the experiments with pits described above the partial 
pressure of 00^ iu the soil atmosphere over buried gi'asa was found to be as much as 
a per cent, seven months after the green grass had been buried. 
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Braasioa alba it seems clear that the CO* has acted directly upon the tiasnee 
of the embryo. On the removal of the CO3 the seeds readily germinate. In 
the case of Braanca alba the action of the carbon dioxide may have been the 
same, but on the removal of the CO3 from the atmosphere the seeds do not 
germinate but continue dormant. A direct action of CO3 on the testa, 
rendering it less permeable to the passage of gases, is suggested. Such a 
change in the testa produced by 00* would have two consequences : (1) a 
reduction in the amount of oxygen reaching the embryo, and (2) a relative 
rise in the COa pressure in the embryo tissues. The possibility thus arises 
that lack of oxygen produced by a change in the i»ermeability of the testa 
due to the action of COa has been the cause of inhibition in all the experi- 
ments described. 

The following experiment was therefore made with Braasica alba seeds 
from wliich the testas had been removed. 


Table VIII. — Experiment indicating that Increased Pressures of COa can 
act Directly in producing Inhibition on the Naked Embryo of Brasaica 
alba. 


Percoutage 
OOj 
in air. 

Tima seada lay 
without garminating 
in ppeaanoa of high 
partial praBsuras 
of 00s. 

Kumbert and 
oondition of seedB 
Bet in preaenoa of 
high partial 
prasBureB of CO3. 

Percentage 
of »eed 
germinating 
on ramoTal to 
air. 

Percental of 
germinated seadii 
showing injury 
to ilia radida. 

00 


i 

I 10 without testaB 

100 

0 

80 1 

! 

^ 1 

1 10 t> 

100 

80 


The above experiment appears to demonstrate that the inhibitory action of 
increased partial pressures of COs may be direct upon the naked embryo of 
mustard seeds. The phenomenon of prolonged after-inhibition did not occur 
in these oases in the absence of the testa. Farther experiments were made 
with peas and white mustard with similar results. A conclusion, therefore, 
whicii appears to be justified is that, while the inhibiting efifeot produced on 
the embryo is the result of the direct action of COa thereon, in the case of 
Brasaica alba an accompanying chatige in the testa plays an important part 
in sealing the seed under the influence of COa in a special dormant phase of 
life. 

Summary. 

Experiments were conducted showing that the germination of seeds is 
retarded or inhibited by high partial pressures of COt in the atmosphere. 
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This I'etardation or inhibition produced by COg was shown to be unaccom- 
panied by injury* The seeds used in these experiments fall into two classes. 
In the first class the seeds germinated at once after removal from the 
inhibitory COa pressures (beans, cabbage, barley, peas, onions). In the second 
class the inhibition continued indefinitely, after the removal of the inhibitory 
COa pressures, and was terminated only by complete drying and re- wetting, 
or by the removal of the testa. In this class a lowering of the degree of 
permeability of tlie testa to gases by the action of CO3 is indicated, a change 
which would have two results : (1) a reduction in the amount of oxygen 
reaching the embryo, and (2) a relative rise in the actual CO3 pressure in the 
embryo tissues. The condition of prolonged inhibition after removal to air 
produced in Brassica alba is strikingly suggestive of the condition of seeds 
often met with in nature, the germination of which is delayed in spite of 
suitable conditions of temperature and water. The results obtained in the 
laboratory with Brassica alba seeds were reproduced in the soil in natural 
conditions by COa arising from decaying vegetable matter. The high CO3 
content of the soil air in these experiments was found to continue for a 
considerable period. Attention was called to the importance of these facts in 
agriculture. 
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The Functional Correlation hettveen the Ovaries, Uterus, and 
Manmary Glands in the Rahhii, with Observations on the 
(Estrous Cycle. 
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(Communicated by Dr. F. G. Hopkine, F.E.S. Received January 22, — Bead 

March 5, 1914.) 

[PlATES 17 ANn 18 .] 

Recent experimental work has resulted in proving that there is a definite 
fimctional correlation between the growth of the corpora lutea in the 
ovaries and the hypertrophy of the mammary glands (Ancel and Bouin and 
O’Donoghue). In the present paper exi)eriments are described showing that 
this hypertrophy in rabbits that have never been pregnant may be so con- 
siderable as to lead to the production of milk, the secretion of which may 
be temporarily increased by the injection of pituitary extract. Further 
experiments are recorded showing that the uterus is not a necessary factor 
in the development of the mammary gland. The influence of experimentally 
produced corpora lutea upon the uterus is also described. 

The Infiumce of the Ovaries upon the Mammary Glands. 

It is well known that the mammary glands in man begin to undergo 
enlargement at the time of puberty in correlation with the increase in 
ovarian activity. Apart from this pubertal growth which is more or less 
permanent, there is known frequently to be a slight swelling of the glands 
at each menstrual period. A similar process takes place in the sow and 
probably in other mammals at the " heat ” periods (Marshall). In the virgin 
rabbit we have noticed a growth of the mammary ducts in six cases prior 
to ovulation, but the cell proliferation, though quite definite, did not extend 
to the glandular tissue. Experiments were undertaken to determine if the 
growth could be increased by injecting foetus extract, with a view to bringing 
further evidence to bear upon the hypothesis, put forward by Starling and 
Lane-Claypon, that the anabolic changes involved in mammaiy hypertrophy 
are dependent upon a foetal hormone. Tlie results, however, were negative, 
in each case. 

The following are the details of this series of observations. The extract 
was made by grinding the fresh foetuses with sand and extracting with 
Binger’s fluid. The extract was then boiled and filtered. In the first three 
experiments described below 39 rabbit foetuses were employed ■ 
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(1) Fojtuft extract was injected for 16 days into a virgin rabbit aged 
5 months. The rabbit was then killed, when it was found tliat the ovaries 
contained a few follicles apparently ripe or nearly ripe, and the utertts a 
few glands. The mammary development was limited to ducts which were 
about 1 cm. long (fig. 1). 

(2) In another virgin rabbit of the same age and treated identically the 
ovaries showed a degenerate follicle and a few follicles apparently ripe. 
The uterine glands were slightly developed, and the ducts of the uianimarj’' 
glands were fairly well deveIoi)ed, being about cm, long. 

(3) Another virgin rabbit of the same age and treated identically gave 
similar results to the last (No. 2), 

(4) A virgin rabbit, aged 5 months, was allowed to undergo a sterile 
copulation with a buck from which a portion of each vas deferens had been 
removed. It was killed 12 days after copulation. Contrary to expectation, 
no corpora lutea were found in the ovaries, but there was one large follicle. 
The uterus contained a few glands, and the ducts of the mammae were about 
i cm. long. 

(5) A virgin rabbit, 7 months old, was allowed to undergo a sterile coition 
with a vasectomised buck. It was killed 12 doys afterwards. As in the 
last case (No. 4) no corpora lutea were found, but protruding follicles were 
present. The uterus had a few glands. The ducts of the mammary glands 
were well developed, being about cm. long. 

(6) Another virgiti, 7 months old, was allowed to undergo a sterile coition. 
It was killed 24 days later. There were no corpora lutea, but many pro- 
truding follicles, and the mammary ducts were about 2 cm. long. 

It is thus seen that prior to ovulation the mammary development was 
limited to a slight cell proliferation in the ducts, and that the growth was 
not augmented by the injection of boiled fcetus extract. On the other hand, 
after ovulation (at least in the rabbit) definite mammary hypertrophy seta 
in, as will be described below. 

Probably in the majority of mammals ovulation takes place spontaneously 
during cestrus. This is the case in the mare, the cow, the sow, the sheep 
(at least ordinarily), and the bitch. On the other hand, in the rabbit, the 
cat, and the ferret, ovulation, as a general rule, only occurs as a result of a 
stimulus set up by sexual intercourse. To which of these categories man 
belongs is still an open question. 

It is generally believed that whereas the corpus luteum verum (or corpus 
luteum of pregnancy) and the so-called corpus luteum spurium (which is 
developed when pregnancy does not follow ovulation) ig:e identical by origin, 
the structure formed after ovulation does not hypertrophy to the same 
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extent as when pregnancy staj^i’venee, but on the other hXnd undergoes 
retrogression after a few daya Ancel and Bouin, however, assert that in 
such animals as the rabbit the corpus luteum, when formed, undergoes the 
same amount of hypertrophy irrespective of the occurrence of gestation, 
and- that since these animals do not normally ovulate' excepting after coition 
the presence of corpora lutea is nearly always associated with the pregnant 
condition. Further, they put forward the view, for which a considerable 
body of evidence lias been adduced, that in such animals as the rabbit the 
corpora lutea provide the exciting cause for the growth of the' mammary 
glands during the first part of pregnancy. 

In order to test this hypothesis they carried out experiments in which 
the Graafian foflicles of rabbits were ruptured under such conditions that 
pregnancy could' not supervene. The method usually adopted was to ligature 
the vasa deferentia of the male rabbits. This operation although inhibiting 
pregnancy, since spermatozoa cannot be ejaculated, does not prevent the 
occurrence of coition. Since coition without seminal ejaculation is generally 
sufficient to induce ovulation in the doe, corpora lutea could be formed just 
as though pregnancy had supervened. Anoel and Bouin found that the 
growth of the oorimra lutea produced in this way was accompanied by a 
hypertrophy of the mammary glands which continued for about 15 days or 
until the corpora lutea began to undeigo retrogressive changes. It was 
naturally concluded that the growth of the mammary glands was brought 
about by the activity of the corpora lutea. The further development of the 
mammary glands in pregnant rabbits is ascribed by Ancel and Bouin to the 
activity of a different gland, which is described as lying between the stroma 
and muscular layers of the uterus, and is designated the myometrial gland. 

Frank and Unger have described a case of a virgin rabbit with corpora 
lutea in the ovaries and a breast development such as is usually charooteristio 
of the end of the first third of pregnancy. 

Furthermore, O’Donoghue has investigated the relation of artificially 
produced corpora lutea to the mammary glands. He took female labbite in 
a condition of oestrus, and ruptured the Graafian follicles meohanioally. 
In many oases corpora lutea vxIpS formed, and when this happened their 
presence was associated with a growth of the mammary glanda The amount 
of growth in 14 or 16 days is stated to have been about equivalent to J;bat 
shown by the normal pregnant rabbit in 12 days. If, however, the artifiokl 
rupture of the follicles was not followed by the formation of corpora lutea 
the mammary glands did not show any hypertrophy. O'Dont^hue had 
previously adduced evidence that the corpora lutea and mammary glands 
funotionally correlated irt Daayimu, 
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* The following ia an account of our experiments* In ExperiraentB 7-17 
the animals were all virgin prior to the occurrence of the recorded coition. 
The uterine changes are described separately below in dealing with the 
question as to the influence of the corpora lutea upon the uterus. 

(7) A rablrit, 6 months old, was killed 3 days after a sterile copulation 
with a buck from which portions of each vas deferens had been removed. 
The ovaries contained corpora lutea. The ducts of the mammary glands 
were well developed, and there were slight traces of alveolar formation. 

(8) A rabbit, 7 months old, was killed 6 days after a sterile copulation. 
There were corpora lutea of two ages present in the ovaries, and the mammary 
glands were well developed with the alveoli containing a secretion that 
appeared to be milk. 

(9) A rabbit, 8 months old, in which the Fallopian tubes had been 
ligatured, was killed 9 days after a sterile copulation. The ovaries contained 
corpora lutea. The alveoli of the mammary glands were in process of 
formation. 

(10) A rabbit, 8 months old, in which the Fallopian tubes had been 
ligatured, was killed 12 days after a sterile copulation. Sections through the 
ovaries showed that ovulation must have occurred in this case some 
considerable time (probably about 25 days) previously, since the corpora lutea 
were old and degenerate, and not recognisable on the surface of the ovaries. 
The mamrrmry glands showed signs of involution, but milk was present in 
both the large and the small ducts. Milk could be expressed from the nipples 
before killing. 

(11) A virgin rabbit, aged 7 months, was found to have ovulated spon- 
taneously, this being very unusual in mbbits as above mentioned.* The 
ovaries contained corpora lutea, apparently about 14 days old. There were 
numerous alveoli found in the mammary glands (fig. 2). 

(12) A rabbit, aged 15 months, from which portions of the Fallopian tubes 
had been removed, was killed 16 days after a sterile coition. The alveoli 
of the mammary glands were well developed. 

(13) A rabbit, aged 8 months, was killed 24 days after a sterile coition 
with a vasectomised buck. Old corpora^utea were found in sections 
through one of the ovaries. The alveoli of the mammary glands were well 
developed and active, containing a granular milky secretion. Milk could be 
squeeited from the nipples. The milk was examined microscopically and 

* This rabbit was in a cage with another female. Doe rabbits in a state of ceetnis 

when kept together have been observed to ** jump ” one another after the mannei> of cowe 
when on heat, and it is pdaaible that the stimxilaa set up in this way may be sufficient to 
ihdttoe ovulation. 


2 K 2 
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stained with Sudan II, when fat globules were ^leen. The fluid when colleeted 
had the appearance of ordinary milk, and yielded a flooculent precipitate when 
treated with dilute acetic acid. 

(14) A rabbit, 10 months old, was injected every day with boiled tetus 
extract together with boiled placenta extract from the 11th to the 
24th days, after a sterile copulation, the Fallopian tubes of the rabbit having 
been previously cut and portions removed. The rabbit was killed on the 
27th day. Old corpora lutea were found in sections through the ovary. The 
alveoli of the mammary glands showed signs of atrophy, but the ducts and 
some of the alveoli contained milk. Before killing, a serous milky fluid was 
expressed from the nipples. The milk was tested as before, and found to 
contain some fat and albumen. 

(15) A virgin rabbit, 11 mouths old, was rendered sterile by the Fallopian 
tubes being severed. It was then injected with boiled extract of uterus from 
the 11th to the 24th days, after a sterile coition. The rabbit copulated again on 
the 29th day, and was immediately afterwards killed. Old corpora lutea were 
found in the deej^er parts of the ovary and several apparently ripe follicles on 
the surface. The mammary glands contained milk. Previously milk had 
been expressed from the nipples on the 19th, 2l8t, 27th, and 29th days after 
the sterile coition. The milk of this rabbit, collected in a test-tube, had the 
appearance of normal milk, and samples under the microscope were seen to 
contain globules of fat. 

(16) A rabbit was injected with boiled uterus extract from the 11th to 
the 24th day after a sterile coition. Milk was expressed from the nipples 
on the 19th, 21st, 27th, and 29th days. The milk was collected and examined 
as in the previous case (No. 16). The rabbit copulated a second time with a 
vasectomised buck on the 29fch day; 30 days later the rabbit copulated 
again and on the same day milk was expressed from the nipples ; 28 days 
later milk was again expressed from the nipples. Next day the rabbit 
copulated again. Then on the same day 1 c.c. of pituitary extract was injected 
and the animal killed. The mammary glands were well developed, but 
showed signs of involution. They were full of milk. The ovaries contained 
old corpora lutea and ripe follioles. 

(17) A rabbit was injected daily with boiled placenta and foetus extract 
froxn the 11th to the 24th day after a sterile coition. Milk was expressed 
from the nipples on the 19th, 21st, 27th, and 29th days, and was collected 
and examined as in the preceding cases. On the 29th day (June 16) 
the rabbit again underwent a sterile copulation; 28 days later (July 14) 
although not pregnant, the rabbit plucked its fur from its breast and made a 
nest as if preparing for parturition. On the same day milk wus expressed 
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from the nipples. Tvro days later (July 16) the animal again underwent a 
sterile coition. On the 17th day afterwards an attempt was made to express 
milk from the nipples but none could he obtained. On the 22nd day a little 
serous fluid was obtained, and on the 28th day a considerable quantity of fluid. 
The same day (August 18) the rabbit copulated a fourth time; 24 days later 
(September 6) no fluid could be expressed from the nipples, but two days 
later (September 8) a few drops of serous fluid were obtained. The rabbit 
copulated again (September 24) and is still alive. 

(18) A multiparous rabbit underwent a sterile copulation with a vosec- 
tomised buck. On the 15th day after copulation no milk could be expressed 
from the nipples. On the 20th day milk could be obtained in considerable 
quantity. On the 22nd day the rabbit was again on heat and after undergoing 
copulation was killed. The mammary glands were found to be full of milk. 
Old corpora lutea and numerous degenerate follicles were found in sections 
through the ovary. 

(19) This experiment was with a multiparouH rabbit and the result was 
similar to that of the preceding experiment, there being no milk on the loth 
day, but some milk on the 20th and 22nd days, on the latter of which the 
rabbit copulated again with a vaseotomised buck (August 15). Twenty- 
two days later (September 6) a few drops of milk were obtained, and two 
days later quite a lot of milk was drawn off. The rabbit is still alive. 

(20) This experiment was upon a multiparous rabbit which was exceptional 
in that no milk could be expressed from the nipples at any time during the 
period between two successive copulations with a vasectomised buck. After 
copulating a third time fluid could be expressed from the nipples on the 22nd 
day and on the 24th day, 

(21) A multiparous rabbit was killed 17 days after a sterile copulation with 
a vasectomised buck. The mammary glands were found to be well developed 
but they contained no milk. 

It is thus seen that in pseudo-pregnant rabbits (that is, in rabbits in which 
corpus luteum fonnatiou followed upon sterile coition) milk first made its 
appearance about the 19th day after copulation. At about this period the 
mammary hypertrophy appeared to Imve become complete and retrogressive 
changes set in, anabolism giving place to katabolism, at any rate to a consider- 
able extent; These changes took place in the absence of any observed activity 
on the part of the niyometrial gland, and it must be assumed that this gland 
is not an essential factor in mammary development. Moreover the immediate 
secretion of milk in considerable quantity followed by the characteristic 
changes in the tissue of the mammary glands could be induced by the injection 
of pituitary extract in the same kind of way as in normal lactation. 
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The interval between two ceetrous periods (that is the interval occupied 
either partly or wholly by pseudo-pregnancy) was from 22 to 30 days, the 
period of gestation in the normal rabbit being 30 days. 

Whether or not the corpus luteum plays any part in mamufary growth* or 
secretion in the latter stages of normal pregnancy is a point which has not been 
determined. 

In normal pz'egnancy the development of the glands is undoubtedly greater 
than anytlxing that occurs in pseudo-pregnancy, and it would seem probable 
tliat some further factor is concerned in bringing about this growth. This 
factor is possibly to be sought for either in the placenta, as suggested by 
Basch, or in the myometrial gland, as supposed by Ancel and Bouin. Never- 
theless, it is clear that the presence of corpora lutea alone, apart from the 
existence of any subsidiary factor, suffices to stimulate gland growth to such 
a degree of completion as to result in the secretion of milk. 

As mentioned already, Ancel and Bouin distinguish between the corpora 
lutea of pregnancy and the so-called periodic corpora lutea which only occur 
in animals that ovulate spontaneously. The artificially produced corpora lutea 
in the rabbit are regarded as belonging to the former kind. Moreover in those 
animals (like the rabbit) which only ovulate after coition the interstitial cells 
are supposed to take the place of the i)eriodic corpora lutea. It may be doubted 
whether the distinction made between the two kinds of corpora lutea by Ancel 
and Bouin should be insisted upon. In the first place the corpora lutea are all 
formed in precisely the same way from the discharged follicles, while according 
to Biedl the ovarian interstitial cells in rodents arise from connective tissue 
which grows inwards so m to fill up the cavities of degenerate follicles. Such 
cells are designated by Seitz “theca lutein cells” since they arise in the 
theca interna of the follicles, and subsequently develop into cells resembling 
those of corpora lutea. Miss Lane-Claypon, however, states that the ovarian 
interstitial cells are derived, like the follicular epithelial cells, from the 
germinal epithelium.* / 

Furthermore, from the account given by Hill and O’Donoghue it wpuld 
seem that the corpora lutea in Daaj/mm always undergo the same degree of 
development irresj)ectively of the occurrence of pregnancy. They describe an 
animal as l)eing seen to clean out its pouch for the reception of young, although 
it had not become pregnant, thus showing that in Dasyurus the cyclical changes 
of the sexual organs, which are apparently consequent upon ovarian changes, 
may even extend to the instincts associated with parturition and the nursing 
of the young, although pregnancy had not taken place. 

* I have noted the priesence of interstitial cells in the ovary of the riibWt pti^ to 
the maturation of any follicles.'— J. H* r / . ■ 
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A ease of k rabbit which prepared a bed for a litter and secreted milk at 
the termination of the pseudo-pregnant period has been recorded above; 
Cases have also been reported by various observers of similar instincts in 
bitches, which have been descril>ed as making preparations for parturition and 
secreting milk nine weeks after coition although they had failed to b^ome 
pr^nant. Thus Heaj>e records instances of bitches which had been “lined" 
but had “ missed^' having pups, yet had secreted milk at the time when they 
were due to whelp, in sufficient quantity to admit of their rearing litters 
belonging to other bitches. Cases have also been recorded by Noel Paton. 
Moreover, several such oases of bitches which did not conceive but yet have 
afterwards yielded milk have been recently reported to the authors. 

It is suggested that iu these animals the building up of the mammary 
glands and the resulting secretion of milk may have taken place in response 
to a stimulus arising in corpora lutea wliich developed after cestrus and 
possibly persisted for an abnormal length of time. If this explanation 
is correct it is clear that no essential distiiiction can be drawn between the 
corpora lutea of pregnancy and the periodic corpora lutea in regard to their 
functional rektioii to the mammary glands. 

Our observations l^d no support to tlie theories of Starling and Lane*^ 
Claypon, Foil, Biedl and Koenigstein, who have supposed that the mammary 
glands are built up under the influence of a hormone arising in the foetus, 
neither are they confirmatory of the view put forward by Halban, who 
regards the placenta as a factor in mammary growth. Our experimental 
results are, at first sight, somewhat difficult to reconcile with the facts 
observed by Ott and Scott, and Schafer and Mackenzie, who found tliat 
corpus luteum extract (like tliat of jutuitary) when injected into the 
circulation has an immediate galactogogue action. It must be borne in 
mind, however, that the sudden injection of considerable quantities of corpus 
luteum extract into the circulation is not a process which occurs in nature, 
and consequently we might expect its effect uix>n the mammary tissue to be 
different from that of small quantities of the j)roblematical hormone wlien 
continuously secreted over a long period. 

The Effect qf Hytterex:tomy without Ovariotomy, 

Experiments were also undertaken to ascertain whether or not the uterus 
is an essential factor in mammary growth. As already mentioned, Ancel 
and Bouin have expressed the opinion that in the later stages of pregnancy 
the myometrial gland of the uterus is an exciting cause in mammary 
development. It occurred to us that it was possible that the uterus might 
alio be an essential factor in bringing about mc^mary development in the 
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earlier Htagea of pregnancy, and that tlie corpora lutea might be unable to 
exert their influence upon the mammae excepting through the mediation of 
the uterua The ohangea which the uterus undergoes (to be described below) 
as a result of the formation of the corpora lutea lent a certain amount 
of evidence in favour of this view. It had, however, been shown that the 
removal of the uterus in young rabbits has no effect upon the subsequent 
growth of the ovaries, for animals so operated upon after becoming mature 
are capable of copulation, ovulation, and the formation of corpora lutea just 
as though tliey had not undergone hysterectomy ; but the effects (if any) of 
the removal upon breast development were not recorded (Carmichael and 
Marshall). 

The following is an account of our experiments : — 

(22) The uterus was removed from a virgin rabbit when 10 months old. 
Subsequently the animal copulated and was killed 25 days after copulation. 
No remains were found of the uterus or Fallopian tubes, and one ov^aiy was 
missing, presumably having become absorbed as a result of vascular inter- 
ference at the time of the hysterectomy operation. The other was normal 
and contained nine corpora lutea. The alveoli of the mammary glands 
showed signs of atrophy, but it was clear that they had undergone a con- 
siderable growth previously. Both alveoli and ducts contained a secretion. 

(23) The uterus was removed from a virgin rabbit when 3 months old. 
After it had reached maturity it was allowed to copulate several times, end 
killed 12 days after the last copulation. One ovary contained four corpora 
lutea, the other having undergone atrophy. No remains of uterus or 
Fallopian tubes could be found. The mammary glands showed a great 
development of alveoli but no milk was present (flg. 3), 

(24) The uterus was removed from a virgin rabbit when 3 months old. 
After it had reached maturity it was allowed to copulate several times, and 
was killed 9 days after the last copulation. The left ovary contained 
several corpora lutea. Small pieces of the Fallopian tube were found 
attached to it. The right ovary liad undergone partial atrophy presumably 
as a result of vascular interference, and there was a small piece of the right 
Fallopian tube with a cyst. The mammaiy glands were well developed, the 
alveoli being filled with a eecretiom 

(26) The uterus was removed from a virgin rabbit when 3 mcmths old. 
The rabbit subsequently copulated. A little serous fluid could be squeezed 
from the nipples on the 22nd and 27tb days after copulation. The rabtnt 
copulated again on the 28tb day (August 14). A few drops of fluid were 
expressed 26 days afterwards (September 8), when it copulated again and 
was immediately killed. The mammary glands were well developed. The 
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alveoli and ducts were full of a milky secretion. Both ovaries contained 
corpora lutea. There were no remains of tubes or uterus. 

(26) The uterus was removed from a virgin rabbit wlien 3 months old. 
On the 27th day after copulation (which took place when maturity was 
reached) fluid could be squeezed from the nipples. On the 28th day the 
rabbit was killed, when it was found that the alveoli of the mammary glands 
were well developed. The ovaries contained corpora lutea. There was 
a small piece of one Fallopian tube left. 

(27) The uterus was leinoved from a virgin rabbit when 3 months old. 
It reached maturity, copulated, as in the preceding cases, and was killed 
17 days later. No remains of uterus or tubes could be found. The ovaries 
contained eight (three and five) cor|)ora lutea. The mammary glands were 
well developed, the ducts and alveoli being filled with a secretion. 

These experiments show that mammary development occurring in rabbits 
as a result of the formation of experimentally produced corpora lutea takes 
place independently of any uterine influence. Tims the uterus is not 
a factor in mammary growth any more tlian in ovarian growth. The 
experiments show further that the presence of one ovary, with its contained 
corpora lutea, is suflBcient to bring about the mammary hypertrophy. 

Tlie Injlmrm of the Corpora Lutea upon the Vtcrm, 

It has been concluded by Fraenkel and others tliat the corpus liiteum is 
an essential factor in the fixation of the fertilised ovum to the uterine wall 
and in the nourishment of the embiyo during the first stages of pregnancy. 
This conclusion is based on the results of ovariotomy during early pregnancy 
and on a large number of control experiments. Whether or not the 
evidence is sufficient to justify the theory being stated in precisely this 
form, it would seem clear that the development of the corpus luteum is 
functionally connected with the contemporaneous hypertrophy of tlie uterine 
wall during the first stages of gestation, since the raised nutrition of the 
uterus is dependent upon the presence of the corpus luteum (Marshall and 
Jolly). Anoel and Bouin state that in the case of the rabbit the non-pregnant 
uterus undergoes hypertrophic changes when corpora lutea are developed. 
This has been called in question by Dubreuil and Regaud, but Niskoubina's 
observations are confimatory of those of Anoel and Bouin. 

The following is an account of our observations upon the changes under- 
gone by the non-pregnant uterus after ovulation consequent upon sterile 
coition (excepting in the case of Experiment 11 where the rabbit had 
ovulated spontaneously). The condition of the ovaries and inammaty glands 
has been already described. The numbers of the experiment^ provide a 
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meana of identifying the individual rabbita previously referred to. 3?be 
respective ages of the rabbits* which prior to the occurrence of the recorded 
coition were all virgins, have also been given above. ^ 

(7) In a rabbit killed 3 days after sterile coition the uterine glands 
were just commencing to undergo Active growth. 

(8) In a rabbitjbf ?5 days the glands were considerably developed and the 
muscular walls had undergone some thickening. 

(9) In a rabbit of 9 days the process had been carried further (fig, 5). n 

(10) In a rabbit of 12 days the uterine glands were more numerous and 
smaller than those of No. 9. They were also more closely packed, and the 
uterus showed congestion. The muscular walls were very thick. It is to ibe 
noted again that the ovaries contained very old corpora lutea (see above). 

(11) This rabbit had ovulated and corpora lutea weie present, apparently 
about 14 days old. The uterus showed a great development of glands which 
were elongated and formed a spongy-looking mass at the base of the folds. 
The muscular coat was thickened. 

(12) In a rabbit killed 16 days after sterile coition the uterine glands 
were enlarged and spongy-looking. The capillaries in the stroma between 
the glands wei^e distended. The muscular layers were very thick. 

(13) In a rabbit of 24 days the uterine glands were smaller than those of 
No. 12, but still very active. The folds of the mucosa contained a large 
amount of extravasated blood, showing that the congestion had resulted in 
a breaking down of the blood-vessels. The muscular coat was moderately 
thick (fig. 6). 

The changes outlined above presented an essential (fimiliarity to those 
described by Hill And OTlonoghue for the pseudo-pregnant marsupial cat. 
There is a strikingly close likeness between the appearances which we 
have just described (as shown in sections through the rabbit's uterus 
during the successive stages) end the figures published in Hill and 
ODonoghue's paper on Dasyxirm. In view of this great similarity there 
can hardly be reason to doubt that the changes which take place in the 
rabbit's uterus after sterile coition are physiologically homologous with the 
changes which occur in the uterus of Dmynrus during the period of pseudo- 
pregnancy. As will be shown subsequently the recognition of this fact, 
which has not hitherto been pointed out, materially affects the views 
entertained . by the above-mentioned < authors regarding the nature of * the 
homology l>etween the oestrous cycle of the marsupial and that of the 
Eutherian mammal. ‘ i n 

Lastly, the hypertrophic changes which take place in the uterds during 
pseudo-pregnancy are clearly comparable to those which occur in true 
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pregnancy in asBociation with the development of the embryo, whose 
presence necessitates the maintenance of a raised nutrition on the part of 
the organ which protects it and through which it derives nourishment. 
That the corpora lutea are a factor in preserving this raised nutrition 
seems to have been established beyond question. 

The Qistrom Cycle, 

According to Heape a period of five or six months (%,€, spring and summer) 
is the usual duration of the sexual season in the domesticated rabbit. 
Heape says further: No doubt if they are kept warm, carefully fed, and 
their breeding carefully regulated throughout the spring and summer, they 
may exhibit mstrus also in winter, but it must be recollected that here 
we are treating of ccstrus independently of pregnancy, which is a very 
different matter.'* 

Our experience has been diftferent from that of Heape, for many of our 
rabbits, kept in hutches in an outhouse and without any artificial heating, 
have bred in the winter mouths, though not with the same frequency as 
in spring and summer. The following is a record : — 

I Percentage 
! breeding. 


41 -7 
68 *8 
81 *0 
100 *0 


Half of these rabbits had been treated with Yohimbine, administered by 
the mouth for several days before copulation, but the drug, although in 
other cases it caused a pronounced congestion of the uterus, did not 
increase the breeding powers or affect the fecundity, as compared with tlve 
other rabbits which were kept as controls. 

Prof. Punnett, who has kindly supplied us with further information con- 
cerning the recurrence of cestrus in rabbits, finds that when kept in a 
moderate temperature, produced when necessary by artificial . heating* not 
only is there very little, if any, restriction of the sexual season to a 
particular time of the year, hut that copulation in the winter is followed 
by pre^ancy; The following is a record of the oestrous periods (sd far as 
observed) and times of litters for one of Prof. PunnettV rabtiits from 
October, 1910, to May, 1912 :r- 


Of la rabbits which copulated about Deo. 14, 6 had young 
» 24 „ „ Mar. 22,14 

,, 21 I, „ May 18, 17 ,, 

„ 8 „ „ June 14, 8 „ 
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Put to ZDAle. 

Pirst notes made on Utter. 

Sept. 27, mo 

Oct. 20,1010 

Jan. 26, 1011 

Feb. 27, 1911 

Mar. 20, 1011 

Apr. so, 1911 

June 2,1011 

July 4,1911 

July 16, 1011 

Aug. 19, 3911 

Sept. 2, 1011 

Oot. 0,1911 

Oot. 26,1011 

Not. 27, 1911 

Jan. 12, 1012 

Fob. 15, 1913 

Feb. 15,1012 

Mar. 17, 1913 

Apr. 11,1012 

May 18, 1912 

May 17, 1012 

June 19, 1912 


Heape stateH that 10-15 days is the average duration of the dicBstrous 
cycle, but that some individuals exhibit heat at intervals of three weeks. 

The pro-oestrum is stated to last from one to four days, and oestrus for 
about a day or lunger. During the pro-oestrum the vulva tends to become 
swollen and purple in colour, and this appearance may continue during 
oestrus. There is no extoitial bleeding, and it is difficult or impossible to 
state when the pro-oestrurn ends and oestrus begins. It would seem that 
the two peiiode are much abbreviated, as in the cose of the sheep and 
many other animals in which the uterine changes characterising the heat 
periods are slight, as compared with those of the dog or the monkey. 

The uterus may show undoubted congestion at the heat period, but we 
have never observed any breaking down of vessels or extravasation of blood 
in the non-pregnant rabbit's uterus, excepting near the end of the pseudo- 
pregnant period. It is possible that these (or some of these) cases represented 
the commencement of a pro-oestrous period. Apart altogether from these 
instances congestion presenting a close similarity to that observed in the case 
of the pro-oestrous sheep was found to occur in the rabbit's uterus at the 
time of heat. Pigment formation lias not been noticed. Its absence from 
the uterus of the rabbit suggests that in this animal blood extravasation does 
nut ordinarily take place in the pro-oestrous or cestrous periods. Tlie glands 
do not show very much evidence of activity during the heat period, and their 
degree of development is very much less than that shown in the earlier stages 
of the pseudo-pregnant period. 

Theoretical. 

Many of the observations described above have an important bearing upon 
certain statements made by Hill and O’Donoghue in a recent paper on the 
oestrous cycle in the marsupial cat, Basyurm viverrimie. According to %htm 
authors ovulation in Baayurus occurs at an interval of some days after 
oestrus, there being a definite poat-cestrous period terminating in ovulation. 
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Further; it ie suited that the degenerative changes in the uterine mucosa of 
the marsupial instead of preceding ovulation, as they do in the dog, take 
jplace after ovulation during a period which, in the non-pregnant animal, is 
designated the period of pseudo-pregnancy. The differences in the repro- 
ductive cj’cles are shown in the following scheme drawn up by Hill and 
O'Donoghue , — * 


(1) Dastvbus, 
Anceatrufl, 

I 

PrO'tiBstrui, 


Giltirufl. 

Pofit-®8tru8 (ovuUtion). 


Pregnancy. 


Nuwin^period. 


pRCudo-prt^gnancy 
(uterine degeneration). 


Mcioe8tra8. 


Anoeatrus. 


(2) 3Evra»RxAN. 

AnoNtrus. 

Pro*oe8tru8 (uterine degeneration), 

CEatruB (ovulation). 

r ^ \ 

Metoeetrue. 

Pregnancy. 

Nursing period. 

I — — , 

AnoKiMtma. 


Hill and 0*Donoghue express the opinion that the degenerative changes 
seen in Dasyurus during the pseudo-pregnant period are equivalent to those 
whicli take place in the Eutherian during the pro-cestruin. They suggest 
that the shortening of the cycle in the Eutherian may have induced an 
increased growth of the mucosa during the pro-cestrum, and that this in time 
may have conditioned the earlier recurrence of the degenerative and regenera- 
tive changes, with tlie result that tliese have been shifted forward so as to 
occur prior to ovulation instead of after it. On the other hand, Hill and 
0*Donoghue appear to hold the view, which seems to us scarcely consistent 
with the suggestion just quoted, that menstruation in man is a degeneration 
of the uterine mucous membrane, due to its being unable to fulfil its purpose 
owing to the absence of a fertilised ovum. They state, further, that their 
observations afford no support to the view that ' menstruation is identical 
with heat’ nor for the view that * menstruatiofi in the Primates is the 
physiological homologue of the pro-oestrum in the lower Mammalia.’ ” Thus 
they appear to regard the condition existing in the Primates as directly 
comparable to that occurring in Dasyurua, and different from the condition 
found in the dog. 

Our own observations on the rabbit indicato that the changes in the nou- 
pregnant uterine mucosa which take place concurrently with the development 

♦ In the scheme drawn up Hill and 0‘Dunoghue “ Hiiestras ” is unaccoantably inserted 
for the non-pregnant Eutherian Wtween ** Pro-ca^trus ” and “ Metoestrus.” In the 
scheme as given above, this is omitted, since the dimstrous period, when it occurs in 
pdyoestrous animals, supervenes after metcestrum and not before* 
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of the corpora lutea are esseatiallj similar to those described for 
in the period of pseudo-pregnancy* The close likeness between the sections 
of the rabbit's uterus and the figures given in Hill and O'Donoghue's, paper 
has been commented on above. Moreover, the processes which take place in 
the ovaries and mammary glands are also clearly of an identical nature in 
the two animals. We suggest, therefore, that the uterine changes which go 
on in the pseudo-pregnant uterus in the marsupial are not comparable to the 
pro-oestrous changes of the Eutherian, as Hill and O'Donoghue suppose, but 
are identioal with those in the pseudo-pregnant rabbit's uterus, both being 
dependent upon the formation of corpora lutea in the ovaries. It is possible, 
however, that the uterine congestion occurring near the close of the pseudo- 
pregnant period is of the nature of a pro-oestrous congestion, since pseudo- 
pregnancy (like true pregnancy) would probably in some cases have been 
followed by another a^strous period, had the animals been permitted to live. 

It has been shown by Hill and O'Doiioghue that in the marsupial cat there 
is only one sort of corpus luteum, the duration of which is presumably always 
the same. In the rabbit, also, there is only one kind of corj)Us luteum occurring 
in correlation with either pregnancy or a condition comparable to pseudo- 
pregnancy. The existence of only one kind of corpus luteum (which lasted 
for an identical period, irrespectively of wliether or not ovulation was suc- 
ceeded by pregnancy) was no doubt the condition common to all primitive 
mammals, and it seems probable that the shortening of the duration of the 
“ periodic corpus luteum was associated with the development of the 
polyoestroiis habit from a state of monmstrum. Eor it is known that 
ovulation cannot ordinarily occur in the pi-eseace of fully developed corpora 
lutea, which, if they persist, cause follicular atrophy and inhibit the develop- 
ment of ripe ova. Consequently it would be disadvantageous for such animals 
to have periodic corpora lutea persisting for as long a period as corpora lutea 
associated with pregnancy. 

In monoestrous animals, auch as the dog, the persistence of the corpus luteum 
over a period equivalent to pregnancy would not be detrimental to fecundity, 
while we have shown above that there is evidence (derived from numerous 
cases where bitches have been known to secrete milk nine weeks after 
(Bstrus) that even in the dog such a i)ersistence may occur. Moreover, the 
great variability which diflferent individual dogs experience in the reourrenoe 
of mstrus is suggestive of a variation in the juried over which the corpus 
luteum persists. It may be that in monoestrous animals the primitive con- 
dition occurring in in which there is one sort of corpus luteum 

only, continues to exist or is reverted to in certain individuals. / 

♦ Or corpus luteum spurium. 
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Summary and Condluaiom. 

. (1) The developinent of the corpus luteum of pregnancy, or of pseudo- 
pregnancy, in the rabbit is functionally correlated with the hypertrophy of 
the mammary glands, as already shown by ‘Ancel and Bouin, and by 
O'Bonoghue* 

(2) This hypertrophy is followed on about the 19th day after coition, in 
pseudo-pregnant rabbits, by a definite secretion of milk, the quantity of 
which may be tempoi'arily augmented by the injection of pituitary extract, 
just as in normal lactation. 

(3) The mammary hy))ertrophy can take place in rabbits from which 
the uterus has been removed while still immature, thus showing that the 
utenis is not an essential factor in the development of the mammary glands. 

(4) The development of tlie corpora lutea of pseudo-pregnancy is further 
correlated with uterine hypertrophy and bypenemia followed by extravasation 
of blood. 

(6) These uterine changes are clearly comparable to those wliich occur in 
true pregnancy, and afford a confirmation of the view that the corpora lutea 
are a necessary factor in causing and maintaining the raised nutrition of the 
uterus during the first part of the period of gestation. 

(6) The changes which take place in the rabbit’s uterus during pseudo- 
pregnancy are homologous with those which occur in the uterus of the 
marsupial cat during pseudo-pregnancy, and these latter are not pro-ccstrous 
in character (at any rate, in the earlier stages) as Hill and O’Donoghuo suppose, 

(7) The domesticated rabbit is capable of breeding throughout the whole 
year, but less frequently in winter tlian in spring or summer. If corpora 
lutea of pseudo-pregnancy are produced, the recurrence of oestrus is postponed 
until these are in an advanced stage of retrogression. 

(8) The shortening of the duration of the so-called corpus luteum spurium 
of many mammals has probably been brought about in correlation with the 
acquirement of the polyoestrous condition. 

The injections referred to in this paper were done by J. Hammond ; the 
operations by F, H. A. Marshall. The work was carried out at tlie Field 
Laboratories, Cambridge, in connection with tlie? School of Agriculture. The 
expenses have been defrayed by a grant made by the Board of Agriculture 
and Fisheries out of money allotted to it, for purposes of research, by the 
Development Commissioners. 

[jpostscript, March 6, 1914. — In describing the results of hysterectomy we 
omitted to mention that Foges found that the uterus was not a factor in the 
pubertal growth of the mammary glands. 
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Aeohner and Grigoriu in a recent paper describe the effects of injecting 
placental extract into virgin guinea-pigs. Development of the glands 
followed, and this was succeeded by milk secretion. In the guinea-pig 
ovulation may take place spontaneously, so that it is probable that there 
was some gland development before the injections were made. Ovarian or 
placental extract was found to cause hyperjemia and other changes in the 
uterus. 

Fellner has lately described marked changes in the uterus and mammary 
glands of the rabbit after injecting extracts of corpus luteum and placenta. 
The organs affected are said to have undergone a considerable hypertrophy, 
but milk production could not be induced. 

Steinach has recorded experiments on guinea-pigs in which the ovaries of 
females were transplanted into males and produced breast development. 

Doncaster in a very recent paper on sterility in cats records a case of 
what may be regarded as milk production following upon pseudo-pregnancy. 
Longley had previously observed that the oat, like the rabbit, normally 
ovulates only after coition. One of Mr. Doncaster’s cats after copulating 
with a tortoise-shell male failed to become pregnant. It occurred, however, 
to one of the present writers that since copulation had taken place it was 
probable tliat corpora lutea had been formed though unaccompanied by 
pregnancy. It seemed possible, therefore, in the light of our experiences 
with rabbits that the cat in question might Secrete milk. This was found 
to be the case four weeks after the last copulation, and Doncaster records 
that the secretion continued for about two weeks subsequently.] 
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DESCRIPTION OF PLATES. 

Plat® 17. 

Fig. 1 — Microphotograph of mammary tissue of virgin rabbit (Experiment 1» p. 483X 
Tho mammary development ia limited to a few ducta. 

Fig. 2. — Miorophotograph of mammary glands of virgin rabbit which had ovulated 
apontaneously about 14 days previoualy (Experiment 1I| p. 426). The glanda 
contained numeroua alveoli. 

Fig. 3. — Microphotograph of mammary glands of rabbit from wliich the uterus had been 
removed while still a virgin. It was killed 12 days after copulation (Experi- 
ment 23, p. 430). The glands showed a great development of alveoli. 

Plate la 

Fig. 4. — Section through portion of mammary gland of rabbit 24 days after sterile 
coition (Experiment 13, p* 425). The alveoli contain milk, x 78. 

Fig. 5. — Section through uterine mucosa of rabbit nine days after sterile coition 
(Experiment 9, p. 432). The glands are very greatly developed, x 36. 

Fig. 6. — Section through uterine niuoosa of rabbit 24 days after sterile coition (Experi- 
ment 13, p. 432). A large quantity of extra vasated blood is present. The 
glands are still somewhat enlarged, x 36. 

Figs. 4-6 were drawn by Mr. Edwin Wilson, of Cambridge. 
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Oxidation of Thiosulphate by Certain Bacteria in Pure Culture, 

By William T. Locketi\ 

(Oommunicftted by Prof. P. F. Frankland, F.R.S. Received February 14, — 

Read March 26, 1914.) 

In the course of investigations on the oxidation of thiosulphate on bacterial 
sewage filters • it was found that partially oxidised filtrates, still containing 
Appreciable quantities of thiosulphate, were slowly but completely oxidised by 
simple aeration in the presence of living organisms, practically no oxidation 
taking place in the control experiments with corresponding solutions rendered 
eterile by steaming. 

Further investigations were undertaken with a view to the isolation of the 
organism or organisms capable of bringing about this oxidation. 

Accordingly, gelatine and agar plates were made from active filtrates from 
time to time and in general about 100 organisms per cubic centimetre were 
noted, which we^e mainly of the non-liquefying and ohromogcnic types. 
Subcultures in peptone water and peptone broth of several of the pre- 
dominating types were made and after a few days' incubation added to 
solutions of thiosulphate, which were then aerated under sterile conditions. 
Many experiments were carried out in this manner without success. 
Yariations were introduced with regard to the age of the cultures and 
the nature of the culture media, without effect, practically no oxidation of 
the thiosulphate solutions taking place after several weeks' aeration. 

Subsequently it was observed 'that a bacteriological slide made of a 
loopful of an active filtrate showed proportionately a greater number of 
organisms per cubic centimetre than was indicated by the gelatine and 
Agar plates of the same solutions. Further, the microscopic appearance of 
these — consisting mainly of one particular type — was very different from 
that of the organisms previously subcultured. 

All attempts to grow the particular and characteristic organism on the 
usual media, e.g, nutrient gelatine and nutrient agar, failed. Minor investi- 
gations indicated that the organism was most active in neutral solutions 
containing only small quantities of organic matter, whilst ammonium sulphate 
was a decided stimulant. 

Ultimately it was found on plating out very small quantities {tg. O’OOl c.c.) 
of an active filtrate on a solid gelatine medium made without bouillon, but 

* * Journ. Soc, Cham. June 16, 1913, vol, 32, No. 11, p, 679. 

2 L 2 
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oontaining ammonium sulphate (01 per cent) and sottium thiosulphate 
(0’4 per cent), that a great number of slow growing, circular, non-liquefying^' 
bluish-white colonies were obtained. 

Plates made with such a medium showed that active filtrates contained 
100 to 1000 times more organisms per cubic centimetre than was shown on 
gelatine and agar. In addition the microscopic appearance of the organism 
was apparently identical with those previously noted in the slides of the 
filtrates. 

Streak cultures of the organism made on media of the same composition as 
the above produced clearly defined, thin, bluish-white growths after 10 to 
15 days’ incubation at 20° C. 

Experiments were then made to ascertain how far this particular organism 
was able to bring about the oxidation of thiosulphate. At first difficulties 
arose with regard to the finding of a suitable liquid medium for the growth of 
the organism ; eventually good growths were obtained by the use of a medium 
of the following composition ; — 

1*0 gnu. sodium thiosulphate, 0’6 grm. ammonium sulphate, 0*5 grm. 
potassium biphosphate, 0'025 grm. sodium chloride, 0*01 grm. magnesium 
sulphate, 2*0 grm. Bochelle salt, dissolved in 1000 c.c. distilled water. 

To this solution it was found necessary to add sufficient acid (N HaS04) to 
reduce the alkalinity to methyl orange by approximately one-half, thereby 
presumably liberating free tartaric acid. Before and after sterilisation clear 
solutions were obtained of this mixture, which were alkaline to methyl 
orange. 

A suitable solid medium for the growth of the organism is also obtained by 
the addition of gelatine (10 per cent.) to this solution. 

In testing the oxidising power of the organism the procedure generally 
adopted was as follows : — A pure streak culture was taken, and a small 
quantity of the growth, attached to the end of a sterile platinum needle, was 
introduced into 10-12 c.c. of the above sterile solution contained in a test- 
tube, the usual bacteriological precautions being observed. 

After a few days’ incubation at 20° C. a slight white, stringy growth was 
observed in the inoculated solutions. Later, after 14-21 days a distinot 
turbidity was apparent, and the solutions on examination at this period were 
found to be free from* thiosulphate. Complete oxidation had taken place with 
the formation of acid sulphate, the final solution being riightly acid to methyl 
orange. 

Unlnooulated solutions showed no change after several weeks’ incubation. 

A large number of experiments have been made on these lines with 
complete success. Solutions inoculated directly from colonies found on. 
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ammoniam sulphate gelatine plates were similarly oxidised, and other 
experiments have been conducted which confirm the above results. 

The following is a typical example of the chemical results obtained : — 


Besults in parts per 100,000. 



Oxygen absorbed in 
three minutoe from 
acid permanganate. 

Keaotion with 
merouroue nitrate. 

' i ’ ■ 

Inoculated solution after dava’ incubation 

at 20® 0. 

Solution of control experiment after 21 da;)rs* 
incubation at 20® C. 

1 -00 

28-80* 

White ppt. 

Black ppt. ' 


’* Equivalent to 85 ‘8 parts MiajSjO) per 100,000. 


That the thiosulphate is bacterially oxidised to sulpliate and that the 
change is not a simple decomposition due to the formation of acid by the 
organism seems evident from the fact that (1) there is no deposition of free 
sulphur, (2) the final solutions do not absorb appreciable amounts of oxygen 
from acid permanganate, this excludes the presence of thiouic acids. 

The following are comparative results obtained with three solutions, to one 
of which had been added before incubation 1 c.c. of normal sulphuric acid, 
thereby making tlie solution decidedly acid to methyl orange ; — 


Besults in parts per 100,000. 



Oxygen absorbed in 
three ndnutea from 
acid permanganate. 

Reaction with 
mercurouf nitrate. 

Bemarka. 

1. Xnooulatod eolution after 21 daye' 
incubation at 20® C. 

1*80 

White ppt. 

Slight 
! turbidity. 

2. Solution of control after 21 daya' 
incubation at 20® C. 

21 -00* 

Black ppt. 

Clear 

•olution. 

8. Solution made decidedly acid to 
methyl orange prior to 21 daya* 
incubation at 20® 0. 

W-00 

1 Yellow ppt. 

(thionio acidi). 

Bepoalt of 
aiuphur. 


* Bquivalsnt to 61 partt NojSiO, per 100,000. 


The oiganisra is apparently able to live in slightly acid solutions, although 
prolonged contact with free acid appears seriously to impair its activity and 
growth. 

Fnrthw experiments are in progress relating to the morphology and 
clanification of the organism, which appears to be one hitherto unknown, 
and to Its efibct on other snlphur compounds, e.y. tetrathionate. 
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My tbanks are due to Prof. P. F, Franklond, Dr. G. J. Fowler, and Bldward 
Ardern, M.Sc., for the interest which they have taken in this work and to the 
Rivers Committee of the Manchester Corporation for permission to publish 
the results of this investigation carried out in the laboratory of their sewage 
works at Davyhulme. 


The Production of Anthocyanins and Anihocyanidina. 

By Arthuk Ernest Everest, M.Sc., Lecturer in Chemistry, University 

College, Beading. 

(Communicated by Prof. F. Keeble, P.R.S. Received February 16, — Read 

March 26, 1914.) 

The idea that the anthooyan pigments are closely related to the flavone and 
flavonol glucosides is by no means new. Attempts to solve the problem 
of their relationship have come chiefly from botanists, and, as a result of 
their researches, a number of hypotheses have sprung up around which 
quite considerable controversy has been centred. 

Miss Wheldale* puts forward the su^estion that anthooyan pigments are 
the oxidation products of colourless or faintly coloured chromogens; and 
that these chromogens are products of hydrolysis of glucosides present in 
the tissues of the plant (probably glucosides of flavone or flavonol deriva- 
tives). The hydrolysis of the glucoside she considers as essential to the 
production of the anthooyan pigment She represents the changes taking 
place by means of the following equations j — 

Glucoside + water J chromogen + sugar. 

Then — Oxidation of chromogen anthooyan pigment 

If this hypothesis be accepted, then either the anthocysn so produced will 
remain a non-glucoside, t.e., it will be an anthocyanidin, or in the presence 
of sugars the anthocyanidin first formed must unite with sugar to form 
an anthooyanin (glucoside). Her more recent suggestion that in flavone 
glucosides all the hydroxyl groups are substituted by sugar molecules, 
hence partial hydrolysis could produce glucoside anthocyan8,f has apparently 
no foundation upon experimental evidence, most of the flavone and flavonol 
glucosides containing one or two sugar residues only. 

Now, in view of the fact that it has recently been shown that in no case 

* ‘Caiob. Phil. Soc. Proc.,’ rol. 16, p, 13? (1909); ‘ Joum. Oanetici^* vol. 1, p. 183(1911X 

t ‘Biochem. Joum.,’ vol. 7, p. 87 (1018). 
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x^uld any trace of anthocyanidin be found in any of the plants examined,* 
there remains but one way of explaining their absence if Miss Wheldale'a 
hypothesis is to be retained ; namely, by assuming that the rate of forma** 
tion of anthooyanin (gluooside) from anthocyanidin and sugar is greater 
than that of the production of anthocyanidin from chromogen by oxidation, 
and that these reactions take place under similar conditions. 

If this were correct one would expect that by taking the yellow glucoside, 
hydrolysing, then reducing without removal of sugars, the authocyaniditt 
produced would combine with the sugar present to form an anthooyanin* 
This is not the case. Evidenoe all tends to show that Miss Wheldale's 
view can no longer be accepted as explaining the available facts. 

The reaction found so useful in determining the presence or absence of 
glucosidal or non-glucosidal anthocyan, and already described by Willstatter 
and Everest (foe. ciL), yields a very ready means of distinction between 
these two classes of compounds, and has led to important results in the 
present investigation. It depends upon the facts that anthocyanidins (non* 
glucosides) are taken quantitatively from aqueous acid solutions, preferably 
sulphuric acid, by shaking with amyl alcohol, whereas authocyanins 
(glucosides) remain quantitatively in the aiqueous acid when similarly 
* treated; and, further, that the non^glucoside in amyl alcohol, shaken with 
sodium acetate solution, remains quantitativ^y in the amyl alcohol, but on 
shaking with sodium carbonate solution it is quantitatively carried down 
into the aqueous layer. 

The author has been able to show the production of anthocyanins from 
yellow glucosides, and that in the cases where hydrolysed solutions were 
taken only anthocyanidins were produced. That no intermediate formation 
of anthocyanidins occurred when anthocyanins were obtained was shown 
by carrying out the formation under amyl alcohol. Where glucoside 
yellow pigments were used the anthocyanin appeared as usual, but no 
anthocyanidin passed into the amyl alcohol; when a hydrolysed solution 
was similarly treated the amyl alcohol rapidly took up all the anthooyatiidiji 
as it was produced. 

This makes it necessary to abandon the assumption suggested above as the 
only explanation available if Miss Wheldale’s hypothesis is to remain. 

A number of papers have been published upon this subject by Keeble, 
Armstrong, and Jones, f and they conclude that the anthocyan pigments are 

♦ Willstiitter and Everest, * Annalen,* roh 401, p, 189 (1918). 

i ‘Boy. Soc. Broc./ B, vol. 65, p. 214 (1912); B, vol 88, pp. 808 and 818 (1913) ; 
B, vol 87, p. 118 (1913) ; and Keeblo and Armstrong, * Joum. OenefcicB,' vol 2, part 3, 
p. 277 (1918). 
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produced in a manner similar to that propounded by Miss Wheldale, but 
they part company with that author in regard to the process necessary 
subsequent to hydrolysis of the glucoaides, for they maintain that the 
oxidation must be preceded by reduction of the non-gluooside flavone or 
fiavonol derivative. 

The result of work already published on the pigment of the cornflower,* 
and consideration of the work of Keeble, Armstrong, and Jones, have led 
the author to the conclusions (1) that if the anthocyans are produced from 
the yellow gluoosides, then it must be by some interaction in which the 
glucosides and not the hydrolysed glucosides take part ; and (2) that all 
evidence obtained in dealing with the above-mentioned pigments tends 
to show that the anthooyan pigments would prove to be, not oxidation, 
but reduction products of the yellow glucosides. 

That luteolin and morin give red pigments on reduction in acid alcoholic 
Solution by means of soidium amalgam has been known for many years-f 
Quite recently WatsonJ has obtained a red pigment from quercetin by the 
same means, and, lastly, since the present work was completed, the author’s 
attention has been drawn to a paper by R. Combes, § who describes the 
production by the same means from the yellow pigment of the green leaves 
of Ampelopsis hederacea of a pigment which he shows to be identical with ' 
the red pigment (anthooyan) which he obtained from the red leaves of the 
same plant. He does not, however, give definite information whether bis 
pigments are anthocyanins or anthooyanidins. The author is able to confirm 
the production of anthooyan pigments by reduction of flavone or flavonol 
derivatives, and to explain the observations of Keeble, Armstrong, and Jones. 
Being one of the most commonly occurring of the flavonol class, and readily 
obtained, quercitrin (Kahlbaum) was taken for the starting point. 

Queroitrin by reduction with zinc (fine granulated) and dilute acids (2NH01) 
or by electrolytic reduction, even cold, gave only anthocyanidin. 

The pigment production took place equally well when the aqueous acid 
was covered with a layer of ligroin, so precluding all possibility of oxidation 
by the air following reduction. As, however, no anthocyanin could be 
obtained from quercitrin (this is a monc^lucoside from bark, not a flower 
pigment, at least some flowers are known to contain a digiucoside of 
quercitrin, €.g., viola contains viola quercitrin)— -a result which at first 
appeared to support Miss Wheldale’s hydrolysis hypotihesis— the auttior 

* WilUttitter and Evereat, loc.oU, 

t Cf. Eupe, ‘ Die Ohemie der natUrliohen Farbstoffe,’ voL I, pp. 77 and 86. 

I ‘Ohem. Soc. Prop.,’ 1913, p. 349. 

g ‘Oompt Rend.,’ voL 167, p. 1008 (1918) j ‘Ohem. Zentr.,’ 1914, p. 168. 
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decided to test the pigments obtained by direct extraction of varions flowers, 
in particular with a view to producing anthooyanins from the yellow 
glucosides present in them. 

Having already shown that oxidation after reduction was not necessary 
for the production of anthocyan pigments — and this was confirmed in every 
case where reduction under ligroin was carried out — particular attention was 
given to proving that anthooyanins could be produced directly from yellow 
glucosides without inteimediate formation of anthocyanidins, and in this the 
author was successful. 

The yellow wallflower, yellow daffodil, white narcissus, yellow or wliite 
tulip, white primula {ohconica\ yellow crocus, yellow jasmin, yellow primrose 
(the presence of yellow pigments in the white flowers was shown by action 
of dilute ammonia, when, the plant acids being neutralised, the yellow colour 
appears), and even lemon peel, all yielded by reduction alone red pigments, 
and, indeed, pigments which upon investigation proved to be in every case 
an anthocyanin, no trace of anihocyanidin being produced when the reduc- 
tions were carried out in the cold. No oxidation after reduction was 
necessary for the production of the anthocyanin pigment, provided that in 
one or two instances care was taken not to carry the reduction too far. 

Eeduction was carried out by zinc (fine granulated) in ca, 2N aqueous acids, 
and also by electrolysis in 2N sulphuric acid, using lead electrodes (lead 
has been found to yield salts with anthocyanins, which, however, are decom- 
posed by acids ; lead salts have no harmful effect upon anthooyanins). 

At first some difficulty was experienced in explaining the observations of 
Xeeble, Armstrong, and Jones* that in the case of yellow wallflower, yellow 
daffodil, yellow crocus, cream polyanthus, apd Chinese primrose oxidation 
was necessary after reduction in order to obtain a red pigment. A ready 
explanation was, however, forthcoming when the case of the yellow tulip 
was examined, for here, when reduction was rapid, there appeared but a 
transient pink, passing rapidly to a colourless solution, which, however, on 
addition of hydrogen peroxide immediately developed a red colour. Slow 
reduction, however, by zinc (very small quantities) and HCl or, much better, 
slow electrical reduction gave readily the red pigment, and this proved to 
be as in the other cases an anthocyanin. The red solution on stronger 
reduction passed to a colourless one, from which the anthocyanin was again 
produced by the addition of hydrogen peroxide. 

It has been found that in each case excessive redaction produced to a 
greater or less extent the above result, and this clearly explains the results 
of Keeble, Armstrong, and Jones {loo, dt), 

* « Boy. Soc* Froc./ B, vol. 87, p 118 (1918). 
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On a previous occasion attempts to reduce cyanin (the pigment of the 
cornflower*) to a colourless compound which could be re^oxidised to the 
pigment had failed Powdered zinc and acetic acid were used, hot — the 
pigment was decolorised, but the red colour was not reproduced on addition 
of hydrogen peroxide. Despite this fact, the author, for comparison, tresfted 
a small quantity of cyanin chloride in 2N hydrochloric acid with much finely 
granulated zinc, so that vigorous evolution of hydrogen ensued. The reaction 
was earned out in the cold, and, as in the cases mentioned above, decolorisation 
rapidly set in, but on decanting the decolorised solution and adding hydrogen 
peroxide the colour reappeared. The glucoside was not hydrolysed by this 
process. 

In every case, also with cyanin chloride, when treated with hydrogen 
peroxide in the cold, the red acid solution of the anthocyanin passed to 
a yellow, then became colourless. It would thus seem that the balance of 
reducing powers present in an anthocyan-containing flower must be very finely 
adjusted, for it appears necessary that the reducing body present should be 
powerful enough to reduce as far as the anthocyanin stage, but not powerful 
enough to take the pigment further to the colourless condition. 

It lias been placed beyond doubt that the change from yellow to red may 
be accomplished by reduction alone, thus confirming the results of Combes^ 
and, still further, that the change from glucoside flavone or flavonol to 
anthocyanin (glucoside) takes place quite readily without hydrolysis, and 
that all hypotheses which require a hydrolysis of the glucoside before 
formation of red pigments can, in the light of the evidence of Willstatter 
and Everest, that the anthocyanidins do not exist in plants, and the further 
evidence now brought forward, that flavone or flavonol glucosides readily 
yield antliocyanins without intermediate formation of anthocyanidins, be 
discarded as unnecessary. 

Whether all the yellow glucosides of the flavone and flavonol series are 
capable of producing corresponding antliocyanins remains to be proved by 
future work. The author failed to observe such formation in the case of 
Priimda sinmsia (Giant white), mimosa, and white hyacinth. (Whites tested 
with ammonia gave yellow.) 

Whether the red pigments described above should be considered as mere 
hydroflavone derivatives os I, or as some such anhydro-compound of them, II, 
remains to be proved, but the author considers that the evidence at preeent 
available favours some such form as II, where the change has caused the 
production of a quinonoid structure, as follows : — 


* Wilkttttter and Evemt, Zoc. ctL 
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In this connection an examination of the properties of cyanin chloride and 
cyanidin chloride* is of interest. Cyanidin chloride when heated for a 
short time in dilute alcohol to ca. 80 ° becomes decolorised — the decolorised 
substance has properties resembling those of a yellow flavonol pigment, 
soluble in ether, colourless in acid solution, extracted from it by ether ; 
yellow in alkaline solution, and alkalis withdraw it from its solution in ether. 
The decolorised cyanidin chloride, however, on boiling with acids, returns to the 
red form. It is possible that these changes may be represented by the change 
from I to II above being a reversible reaction. The fact that a decolorised 
solution of cyanidin chloride on concentration regains its colour also 
harmonises with the above. 

Quite similar properties are observed in the case of cyanin chloride, save 
that heat is not required for deoolorisation, nor for return of the red pigment 
on acidification. Extraction of the decolorisecl solution with ether was not 
tried by WillstStter and Everest, but alkalis on the decolorised solution 
gave a yellow coloration. Most probably the general character of the groups 
in the molecule would have their effect on the readiness with which this 
change took place, and hence this deoolorisation. Such a change might 
perhaps explain the observation of Keeble, Armstrong, and Jones (loc.cit.), 
that in the case of polyanthus mere boiling with acid was sufficient to 
produce the red pigment. 

As he learns that recent developments in the work of Prof. Willstatter 
and his collaborators have caused them to commenoe a series of investigations 
dealing with the relation between the yellow pigments and the anthooyaas 
the author proposes to discontinue these investigations for the present. 

* WillstKtter and Everest, Ice. eit. 
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Eooperi^mntcd, 

QmrdtHn . — Eeduction carried out in 2N HCl by zinc (fine granulated). 

(1) Hot, yielded rapidly a red sdlution. 

(2) Cold, gave red coloration but very slowly. 

(3) Gold, alcoholic HCl and Na Hg: rapidly gave red pigment. 

(4) Cold, electrolysis in 2N sulphuric acid, lead electrodes ; very slow pro- 
duction of red. 

(5) The best method, however, of Obtaining the red pigment from quorcitrin 
is by the action of magnesium (ribbon or turnings) on a solution of the 
substance in a mixture of 5 vols. absolute alcohol and 1 vol. concentrated 
hydrochloric acid. Not only does this go very readily, but the acidity of the 
solution — so essential in working with these compounds— is preserved as the 
magnesium practically ceases to react before the solution becomes neutral. 
This method was of no value when working with crude plant extracts, as 
alcoholic extracts contained so much extraneous matter that the results were 
masked. 

In every case pigment, when shaken with amyl alcohol, went quantitatively 
into the alcohol, solution red with tinge of violet ; shaken with sodium acetate 
Solution, pigment remained quantitatively in alcohol, turned violet ; shaken 
with sodium carbonate solution, pigment descended quantitatively into 
Aqueous layer with green colour ; prepared by method (5) and purified from 
remaining quercitrin, solution gave blue solution in sodium carbonate. 
The red pigment was not extracted from aqueous acid by any other 
organic solvent. 

Yellow JVallflovjer , — Petals from a few flowers crushed in mortar with fine 
sand and cold 2N HCl, then filtered, gave a faintly yellow extract which with 
ammonia became deep yellow. To one portion of acid extract a small 
quantity of zinc was added, whilst a second portion was kept for comparison, 
to show that no red developed without the reduction. In a few minutes the 
portion containing zinc became pink and the colour rapidly deepened to red. 
Blank portion remained unchanged. The pigment produced by reduction 
remained quantitatively in the aqueous layer when shaken with amyl alcohol, 
but if the layer was separated, then boiled to hydrolyse the pigment, and then 
again shaken with amyl alcohol, the red pigment then went quantitatively 
into the alcoholic layer with production of a red solution. This reacted in 
every way as an anthocyanidin. Electrolysis also produced the antbooyanin 
and only that, no trace of anthocyanidin was produced by reduction in the 
cold. 

Beduotion in hot solution produced anthocyanidin and no aiitho<7anin. 
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Eeduotion under ligroin produced the same results as without protection 
from air. 

Primula obconiea (white). — Petals gave clear yellow on treatment with 
ammonia, no pink with acids. Extract made os above, almost colourless, 
Eeduction with zinc in cold 2IT HCl gave good red pigment. The reduction 
went equally well under ligroin, and in both cases the pigment produced was 
quantitatively anthocyanin, and could be hydrolysed quantitatively into 
anthocyanidin, 

Primida sinenais (Giant white). — Petals gave clear yellow with ammonia, 
no pink with acids. All attempts to obtain a red pigment failed. 

Tulip (yellow). — Extract prepared as above in 2N HCL With much 
zinc a faint passing pink colour appears, then solution becomes decolorised, 
hydrogen peroxide added to the decanted solution causes appearance of red 
colour. Exposure to air has same effect. The red produced is an anthocyanin 
readily hydrolysable to an anthocyanidin. 

Wlien acid extract was treated with small quantities of zinc the pink colour 
soon appeared and deepened. If not taken too far hydrogen peroxide caused 
no change. 

Electrolysis of cold extract in 2N sulphuric acid, lead electrodes, readily 
gave the red pigment which, as in the preceding cases, proved to be entirely 
anthocyanin. 

Tulip (white). — Petals with ammonia gave clear yellow. Exactly similar 
results were obtained eus for the above yellow tulip. Both in the case of 
yellow and white tulips the reduction went on equally well under 
ligroin. 

When the extract from the white tulip was boiled to hydrolyse the 
glucoside contained, then cooled and reduced in the cold, a red pigment 
was readily obtained, but it was entirely an anthocyanidin. 

Daffodil (yellow). — Extract as before, zinc in 2N HCl gave red pigment 
easily. Electrolysis in 2N sulphuric acid gave same result. In both coses 
cold reduction gave only an anthocyanin. Eeduction went on to red pigment 
equally well under ligroin. 

Nardams (small white). — Petals with ammonia gave clear yellow. Eeduo- 
tion with zinc in 21^ HGl gave only anthocyanin. 

Jftmosa.— All attempts to get red pigment failed, 

Mya^inth (white). — Petals gave yellow with ammonia, but all attempts to 
obtain red pigment failed. 

Croma (yellow).— Extract as above gave, by zinc in 2N HCl, or by electro- 
lysis in 2N sulphuric acid, red pigment quite readily, in both coses cold 
r^uction yielded only anthocyanin. 
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Jasmdn (yellow). — Gave anthooyanin only, more readily by means of sino 
and 2N HCl than by electrolysis. 

Primrose (yellow).— Easily produced anthocyanin by either method, even 
in fairly warm HCl with zinc only anthocyanin was produced. The gluooeide 
produced In this case seemed to be more stable to hydrolysis than in the 
majority of cases. 

Lemon Peel . — Extract in HCl, in presence of the peel, reduced with zinc 
gave only anthooyanin. 


Variations in the Growth of Adult Mammalian Tissue in Auto- 
genous and Homogenous Plasma.* 

By Albert J. Walton, M.S., F.RC.S., B.Sc. 

(Communicated by Prof. W. Bulloch, F.R.S. Received February 18, — 

Read March 26, 1914.) 

(From the Bacteriological Laboratory of the London Hospital.) 

[PlATBB 19 AND 20.] 

In 1910 Carrel commenced his researches on the growth of tissues outside 
the body. In 1907 Harrison had succeeded in growing the embryonic tissues 
of the frog, using ooagulable lymph as a medium. In 1910 Hturrison and 
Burrows improved this method and successfully cultivated the tissues of 
mammalian embryos. Carrel has so modified the technique that the 
method is now applicable to the study of the growth of all mammalian 
tissues. He used as a medium the plasma of the animal either in its 
natural state or modified by the addition of various substances. Since 
then, he and his collaborators have published a large number of papers, 
and by their work it has been fully established that tissues of animals, 
whether embryonic or adult, grow well in vitro ; that by ohangiug the 
medium and so removing the catabolic substances life can be greatly 
prolonged — tissues have been kept alive and growing for periods con- 
siderably longer than a year; and that the growth of the tissues can be 
greatly mcxiified by the addition of various substances to, or otherwise 
altering the composition of, the plasmatic medium. 

* Throughout this paper the term “ autogenous” is used to indioate plasma obtained 
from the same animal as the tissue, “homogenous” to indioate that obtained from 

ftnoth6r aaIhuiI of the same species* 
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Tusm in Autogenous and Homogenous Plasma. 

In previous oommunioations I have deecribed fully the characters of 
the growth of adult mammalian tissue in primary and in sub-cultures. 
Having determined the nature of this growth, it became possible for me 
to investigate the variation, if any, of the growth in autogenous and 
homogenous plasma. The results of this investigation are detailed in this 
paper. 

The tissues of adult rabbits were used and the technique of Carrel was 
carefully adhered to. Four hundred and thirty-three cultures were made, 
the teBti<ile, thyroid, and kidney being the tissues mainly used. A few 
experhnents were made with tissues of the spleen but owing to the 
amount of emigration of cells, apart from true growth, which occurs with 
this tissue it was found difficult to make accurate comparative experiments. 
These experiments were therefore discontinued. 

The details of the experiments on the testicular tissue and the results will 
be fully described. The other tissues will be considered more briefly as the 
experiments on them were carried out on the same lines. 

TedicU. 

One hundred and twenty-two cultures were made with testicular tissue. 
It was found that the plasma of the rabbit kept in ice would not continue 
fluid for longer than about an hour. After this time it coagulated and 
became useless. To overcome this difficulty the plasma was placed in a 
sterile tube which was corked and sealed with paraffin, and the tube was 
immediately placed in a mixture of salt and ice contained in a thermos flask. 
By changing the mixture of salt and ice every two or three days the plasma 
could be kept frozen hard for an indefinite time. When required for use 
it was removed from the mixture and at room temperature soon became fluid. 

1. — Plasma was removed from Babbit A six days previous to 
the cultural experiment and kept frozen. At the time of tlae cultural 
experiment blood was collected from the carotid artery of Babbit B and the 
plasma separated. Cultures of testicle of Babbit B were made in the usual 
way in both plosmata. Twelve cultures were made in the homogenous 
plasma and twelve in the autogenous. Of those in the homogenous, good 
growth occurred in all, whilst of those in the autogenous plasma only eight 
grew and growth was less extensive in these. 

2. — Cultures of testicle were made in homogenous plasma 
which bad been kept frozen for three days and in fresh autogenous plasma. 
In both the same testicular tissue was planted and the cultures were made 
at the same time and under identical conditions. The cultures in homogenous 
plasma again gave 100 per cent, of positive results whilst those in autogenous 
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plasma gave only 75 per cent, positive. The growth was again more extensive 
in the homogenous plasma. 

Although the above experiments seemed to show that growth was better 
in homogenous than in autogenous plasma., it was possible that in both cases 
the autogenous plasma happened to be what one may describe as a bad 
variety. To solve this question a third experiment was performed thr^ days 
later than the second experiment. The same two plasmata which were used 
in the second experiment had been preserved frozen and were used again. 
They were now both homogenous to the culture tissue and were respectively 
six and three days old. 

JSx^eriment 3. — The two frozen plasmata described above were used, one 
of which was six days and the other three days old. Cultures of testicle 
were made in these and in fresh autogenous plasma under similar conditions. 
The results were somewhat similar to those of the last two experiments. 
Growth was much more extensive in the homogenous than in the autogenous 
plasma, thus at the end of three days there was but slight growth of the 
tissue in the autogenous plasma and marked growth in the three-day-old 
homogenous plasma, 100 per cent, of the pieces growing. In the case of the 
six-day-old homogenous plasma it was seen that the growth was more 
extensive than in the autogenous plasma but less than in the three-day-old 
homogenous plasma, only 70 per cent, of the pieces growing. Sub-cultures 
were made from each set and it was again seen that after a period of three 
days growth was much more extensive in the homogenous than in the 
autogenous plasma. In the homogenous plasma mitotic figures were very 
abundant and very well marked. 

This experiment showed that growth was not better owing to the accidental 
choice of good homogenous plasmata, for the plasma which in Experiment 2 
was autogenous and gave but poor growth when used in Experiment 3, where 
it was homogenous, gave a good growth in 100 per cent, of the trials. 
Another very interesting fact became apparent. The homogenous plasma 
used in Experiment 2 when three days old was successful in 100 per cent, of 
the trials, but when used in Experiment 3, that is when six days old, gave 
less growth, and even this appeared in only 70 per cent, of the tissues. These 
results are shown tabulated on p. 455. 

The facts suggested that the variations in growth might be dependent upon 
the length of time that the plasma had been kept frozen, and further experi- 
ments were therefore carried out to elucidate this point. No more sub-oaltuies 
were made, however, for it was evident that if the same plasma were used 
it would not bo of the same age and therefore farther variants would be 
introduced. 
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ABimal Ai 

Animal B. 

'Pla^mia 1 

Hoznog., 8 days old. 
Good, 100 per cent. 

Autog., t’renh. 

Slight, 76 per cent. 

Homog., 6 deyfi old. 
Medium, 70 per cent. 

1 Homog., 8 (toys old. 

1 Good, 100 ^ cent. 

' * Autog., freeh. 

Fair, 60 per cent, 

1 

Plaftma 2 

Plasmsi 8 


j 


Experimmt 4. — Plasinata were removed from two other animals and kept 
frozen, one eleven and the other eight days before the cultirral experiment. 
Just before this experiment was commenced blood was removed from the 
lateral ear vein of another animal and the plasma separated. Cultures were 
then made under identical conditions in the four plasmata, viz. : homogenous 
eleven days old, homogenous eight days old, homogenous fresh, and autogenous 
fresh. In the first two groups every piece of tissue died and there was no 
evidence of growth. The tissues in fresh plasma grew in the usual way and 
to an equal extent. The growth in the autogenous plasma was ])erhaps a little 
more extensive than that in the homogenous plasma (Plate 20, figs. 6 and 6). 

These experiments showed that testicle grew better in homogenous plasma 
that had been kept frozen for three days, but not at all in plasma that had 
been frozen for more than six to eight days. The question as to whether 
growth was better in autogenous or homogenous plasma was still undecided. 
The following experiment was therefore devised to settle this point. 

Experimmt 5. — Two rabbits were taken. Blood was removed by ptincture 
from the lateral ear vein of each, ten and three days before the cidtural 
experiment, t^ie plasma being separated and frozen. At the time of the 
experiment blood was removed from the carotid artery of each and the testicle 
t&||n out. Thus there were obtained from each ajiimal three plasmata, one 
wmch had been frozen for ten days, one for three days, and one fresh, that is 
six in all. The testicle of each animal was cultivated in all the plasmata, 
malting twelve separate groups. The cultures were fixed at the end of 
48 hours and stained so that the early growth-characters might be seen, 
these being considered more capable of comparison than the later stages when 
the growth was well advanced. 

In the case of the testicle taken from animal A there was no trace of 
growth in the ten-day-old plasma, whether taken ' from animal A or 
aninial B. With the three-day-old plasma that from animal A, autogenous, 
crowed well marked growth, but that from animal homogenous, showed 
Very slight growth and marked vacuolation of the plasma. With the 
ftw^ plasma there was a fair amount of growth in both series, but whereas 
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that in the autogenous plasma (fig. 4) was considerably less than that in 
the three-day-old plasma, that in the homogenous was greater than that in 
the. three-day-old homogenous plasma and rather less than that in the freeli 
autogenous. In the case of the testicle taken from animal B, there was 
again no trace of growth in the plasma from either animal which had been 
fro;!en for ten days (%. 3), but in the three-day-old plasma there was 
marked growth in the plasma from animal A, which in this case was 
homogenous (fig, 2), and little or no growth in the plasma taken from 
aniinnl B, which in this case was autogenous. With the fresh plasma 
there was growth in both series, but that in plasma A, homogenous, was more 
marked (fig. 1) than that in plasma B but was much less than that in 
the three-day-old homogenous plasma. These results are shown in the 
following table : — 


1 

Animal A. 

Animal B. 


Plasma A. j 
Autogenous* j 

Plasma B. 
Homogenous, j 

Plasma A . 
Homogenous. 

1 PUriimB. 
Antogenous. 

TO days 

0 

1 0 

1 0 

1 

1 0 

I 8 day# 

Very good 

Slight 

1 Very good 

1 

1 

Slight 

j Fresh 1 

1 ' 

Oood , 

' Fftir 

Fair 


The above experiments showed that, as regards the testicle, growth was not 
dependent upon any variation in the nature of the cells, for growth was 
equally good in the series whichever testicle was taken, but it varied directly 
with the plasmatic medium which was used. The variations in the plasma 
were not specific to either autogenous or homogenous tissues, for in the 
experiments given above tissues from both animals grew in the one plasma 
whether it was autogenous or homogenous, whereas in the other plasma 
they grew badly in either case. Some plosmsta give good growth and 
others but little, but at present there is not sufficient evidence to show 
upon what these differences depend. 

The fact that growth was always better in plasma that had been frozen for 
a certain time, whereas, if kept frozen for a longer period, growth entirely 
ceased, seemed to show that each plasma contains two substances, one of 
which inhibits growth and the other which stimulates it. By exposure 
to freezing for two or three days we may suppose the inhibitory substance 
is destroyed so that growth is increased. After a linger period, about 
eight days, the stimulating substance is also destroyed and hence there is 
no growth. Under normal conditions the atimulatmg substance is in exoe^ 
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of the inhibitory substance^ therefore a oertam amount of growth takes 
plaoe in fresh plasma. In plasmata which are not ‘'good*' only a small 
amount of growth takes place when the plasma has been frozen for 
three days. This is not so easy to understand; it may be that the 
stimulating substance is present in a less marked dc^ree^ and is therefore 
all destroyed at an earlier date, so that after the plasma has been frozen 
for three days there will be little or none present, hence growth will be 
alight or absent. It was noticed, however, in the cases above where growth 
was slight that coagulation of the plasma had been incomplete; in some 
cases, indeed, the plasma had remained quite liquid, so that there was 
risk of the tissue washing off the slide. It is possible therefore that failure 
to grow under such circumstances was due to mechanical factors, the 
plasma failing to form a scaffolding for the growing cells. It is of interest 
to note that the plasma which failed to coagulate was not serum, for there 
was no clot present when the frozen material was thawed. 

Thyroid, 

Of this tissue 167 cultures were made, the experirueuts l>eing carried out 
(Ui similar lines to those described for the testicle, but a larger number of 
cultures were made, so that the plasmata were compared at shorter intervals 
of time. 

6. — Homogenous plasma was removed one day previous to the 
cultural experiment and frozen. Autogenotis plasma was removed from the 
animal at the time of the experiment and cultures of thyroid tissue made 
in each plasma under identical conditions. Growth was more marked in 
the homogenous plasma and a greater number of cultures were positive in 
this. 

E^pmment 7. — Thyroid tissue was cultivated in eight days' old homo- 
genous plasma and in fresh autogenous plasma. There was no growth in 
the homogenous plasma, whereas in the fresh autogenous plasma 42 per 
cent, of tlie cultures grew and the amount of growth was well marked. 

Thus, as in the case of the testicle, growth is better in plasma that has 
l>een preserved for one day, but entirely ceases in plasma which has been 
frozen for eight days. 

In the next series the same plasmata were used for several experiments, as 
in the case of the testicle, so that any given plasma which was autogenous in 
one experiment became homogenous in the next, and had been kept frozen 
for periods of time which increased for each successive experiment. 

8, — Thyroid tissue was cultivated in fresh autt^nous plasma 
and in the plasma used in Experiment 7, w’-hich was now five days old. 

2 M 2 
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The homogenous plasma gave 100 per cent, positive results and growth 
was very well marked in it. Only 13 per cent, grew in the autogenous 
plasma and growth in it was slight. 

Experiw^nt 9. — Thyroid tissue was cultivated — 

(1) In plasma taken from animal 7, now nine days old. 

(2) In the plasma taken from animal 8, n^w four days old. 

(3) In fresh autogenous plasma. 

In the nine-day plasma 60 per cent, of the cultures grew, tlie growth being 
fairly extensive. 

In the four-day plasma 67 per cent, grew, and the growth was very well 
marked. 

In the fresh autogenous plasma 44 per cent, of the tissues grew, and growth 
in these was less extensive than in the other groups. 

Experiment 10. — Thyroid tissue was cultivated — 

(1) In homogenous plasma taken from animal 7, now twelve days old. 

(2) In that taken from animal 8, now seven days old. 

(3) In that taken from animal 9, now three days old. 

(4) In fresh autogenous plasma. 

In the plasmata from animals 7 and 8 there was no growth at all In the 
plasma from animal 9 100 per cent, of the pieces grew and the growth of these 
was very well marked. In the fresh autogenous plasma 44 per cent grew. 
The growth of these was much less marked than that of those grown in the 
three-day homogenous plasma. 

These results are shown in the following table 


PUsma. 

Animal 7. 

Animal 8, 

Animal 9. 

Animal 10. 

■ 

7 

Fr«ih 

6 days, 

9 days. 

12 days, 


42 per cent. 

100 per oent. 
Fresh, 

SO per cent. 

0 

6 

— 

4 days, 

7 days, 

9 

«... 

18 per cent. 

67 per cent. 
Fresh, 

0 

8 days. 

10 




44 per oent. 

100 per cent. 
Fresh, 


! 



44 per cant. 


It was clear that the increase in the amount of growth which took place 
when the plasma had been kept frozen for about three days was very itoarked, 
thus while autogenous plasma when fresh gave a growth in from 13 per cent, 
to 40 per cent, of cases, it gave a growth in 100 per cent of the trials when 
it had been kept for three days and was homogenous. The fact that some 
plasmata are good and others bad is also clearly shown by the table. For 
instance, the plasma of animal 8 is definitely not so good as that of animals 
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7 and 9. The reBults obtained in Experiment 9 are specially of interest, lor 
with plasma nine days old growth was obtained. This plasma coagulated well 
but only gave 60 per cent, of positive results as compared with 100 per cent, 
obtained with the some plasma when it was only five days old. This would 
seem to show that the diminution of growth which occurred after the plasma 
had been kept for a certain period was not entirely due to the lack of power 
of coagulation, a lack which was considered the possible cause of failure in the 
case of the testicular tissue. Further experiments were carried out to show 
whether the increase of growth described above was due to the homogenity 
of the plasma. 

JUxperimerU 11, — Thyroid tissue was cultivated in fresh autogenous and 
liomogenous plasmata. Cultures were also made in plasmata eleven and 
eight days old respectively. As usual no growth took place in the last two 
groups. In the fresh autogenous plasma growth occurred in 60 per cent, of 
the cultures, whilst in the fresh homogenous plasma it was present in 40 per 
cent, and was rather less marked. 

The above results were confirmed by cross experiments carried out in the 
same way as Experiment 5 was conducted in the case of the testicular tissue, 

JSxperirmnt 12. — Blood was removed from the lateral ear veins of two 
rabbits, eight and three days before the experiment. Fresh blood was 
removed at the time of the experiment and the thyroids were taken out from 
the two animals at the same time. Cultures were made from each thyroid in 
all six plasmata. In the eight-day plasmata all four groups showed no 
growth. The thyroid tissue of animal A showed positive results in 100 im 
cent, of the trials in the three-day-old autogenous plasma, but no growth at 
all in the plasma of animal With the fresh plasma again there was slight 
growth in 55 per cent, of the cultures in the autogenous plasma of animal A, 
and no growth in that of animal B, In the case of the thyroid of animal B 
there was good growth in 100 per cent, of the trials in the three-day-old 
plasma of animal A, which in this case was homogenous, and no growth in 
that of animal B. With the fresh plasma there was fair growth in the plasma 
of animal A in 64 per cent, of the cultures and none in the plasma 
of animal B. These results are shown in the table on p. 460. 

Tims this experiment confirmed what was found in the case of the testicle, 
namely, that growth was not dependent upon any quality of the cells or upon 
the fact that the plasma was hotne^enous or autogenous, but 6n6 plasma was 
bad so that neither tissue would grow in it, whilst the other was good and 
gave good results. 



Plaon* B. PImdw A. 

HoDiogoiHia*. AiUogeiMMu. 

0 0 
0 100 per cent. 

0 8 * 

Kidney, 

Of tins tissue 96 cultures were made. The experiments were «ll oianied 
out by the method of oross growth, which made all the requisite itoiots clfu|r. 
One such experiment may be quoted as an example. 

Eaperinusnt 13.— Plasmata were collected in a manner similar to that usi^ 
in Experiments 6 and 12. !Ilie plasmata were reepeotively eight days t^d, 
three days old, and fresh. In the eight-day>old plasma, as usual, no grc)"«^ 
took place. In the case of the three-day'old plasmata the kklMy ^ 
animal A grew well in the plasma of animal B but not at all in the plasmi i^ 
animal A. The kidney of animal B also grew well in the plasma (d! animal B 
and not at all in the plasma of animal A. With the fraeh plasmata grawtih 
occurred in the case of both tissues iii both plasmata, that in plasma B 
rather the better. Orowth was in all oases less than that in the thtee-day*oid 
plasma of animal B. 

The retults of the kidney cultures supported therefore those obtained wi& 
testicle and thyroid. 

Summary. 

1. The extent is not dqmndrat npon any 

quality of the cells tbemaelvea. . 

2. The extent of j^wth trith the character of the plasma. 

3. The variation in the plgante whether it hi 

autogenous or homogenous hut presMst unknown. 

4. Fresh plasmata appear to ootttsih iUhitenoeB, inMhitbty and stihsni^tuiir 
to the growth of cells, the 'latter lteing.in;ciiie^ ■ 

5. The inhibitory subetanee hlv lessenM, dir the atimnlating •nubnfjjill Ij;' 

increased, by freezing the plasma to three daye, ^ 

6. The stimulating substance is decim^ after the plamna him h||^ 

for six to eight daya ^ 
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1. Thi!0« dajw’ gro^h ia fredi homogeiiou* 
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3. Tbree d»,y*' growth in homogenomi plMun ton 

4. Three days’ growth In freah autogenotu phMiaa. 

5. Five daye’ growth in freah antogenone phunna. 

(I. Five days’ growth in freah homagenoua plaauia. 


The Decomposition of Formates hy Bacillus coli ooxnmunia. 

By Eokrton Charles Gkey, 1851 Exhibition Scholar. 

(Communicatod by Dr. A. Harden, F.B.S. Beceived February 19, — Bead 

March 86, 1914.) 

(From the Biochemical Department of the laater Institute.) 

Many observations have been made on the variability of gas production by 
intestinal baoteria under natural conditions (see Penfold (1911) and Arkwri^t 
(1918), where Uterature is quoted). 

Penfold has found that by artificial selection of BacUlus coli mnraunis ia 
the presence of sodium obloroaoetate, strains may be isolated which produce 
no gas from glucose and gas in lessened amount from mannitol, although in 
both oases acid is produced as with the normal organism. The writer has 
also shown that by artificial selection of j?. adi eomimms by the ohloto* 
acetate method of Penfold, various staged between the original gas-produoing 
end the selected nou*gas>producing strain may be obtained, and the changes 
have been found to be associated in part with the disappearance of the enzyme 
whijoh decomposes formic acid (1914). It was found that two kinds of 
artiifieially selected strains eould be produced from tiie original stndte of 
£. 0 ( 4 i ; one tiuahle to decompose formic acid, and 

able to biing 4^ tins deeompositkm provided glucose wem^ 

Tits which could ncM; deoomp^ 

etofe p tras likewise unable to psoditoe 

{ro]4' S^^ whetoas the . orgsnism which still retained the power of 
deootoiiosi% formates was aim able to produce gas from mannitol, although 
it prodttcOdivt^ an amount approaamately equal to eo^hSlf of tlmt 
p^uoSd tti^ oonditiona tg^ the ortginid J9. eemmunts from 

4hic}( it wae derived. It seemed, therefore^ Ukel^ that by a doeer study of 
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the luauner in which fonnie acid is decomposed by the natural and artificially 
selected varieties of intestinal bacilli it might be possible to gain information 
concerning the mechanism of the change brought about in the organism by 
growth on chloroaoetate agar which leads to the selection of strains in some 
cases unablo to decompose formic acid and in other cases unable to produce 
it to the same extent as the normal strains from which tliey have been 
derived. 

It seemtMi also of importance to determine what use the decoinpoHition of 
formic acid might be to the organism. Pakes and Jollyman (1901) and 
Harden (1901) have shown that B, mli vommimis is capable of decomposing a 
considerable amount of sodium formate, and that if a small quantity of 
glucose be added, the amount of hydrt)gen produced over and above that 
which could be derived from the glucose added is far greater than the amount 
produced in the absence of the sugar. 

The writer has emplo^^ed an artificially selected strain of B, eoli comvmnis 
obtained by the chloroaoetate metfiod ; this strain produced in three days no 
gas from sodium formate peptone water, and only add but no gas from 
glucose peptone water, but produced from a mixture of the two sufficient 
gas to fill the Durham gas tube (length 45 mm.) in 24 hours. The non- 
production of gas from sodium formate peptone water alone is due, not to 
the inability of the organism to decompose formic acid, but to the inhibitory 
action of the alkali due to the natural alkalinity of sodium fonnate ; for if 
the sodium formate peptone water were acidified with sulphuric acid until 
the solution imparted a pink colour to litmus, it was found that a small 
quantity of gas was produced by growth of the artificially selected organism 
therein for two or three days. 

Other sugars and polyhydric alcohols have hwn employed with similar 
results, which are discussed under Table H. 

By a quantitative study of the decomposition by the bacillus in question 
of a mixture of glucose and calcium formate, the writer has been able to 
show that both the amount of glucose and that of formate decomposed is 
increased (Table III), and there can he little doubt that the formate and 
sugar are mutually helpful, in that the alkali produced by the decomposition 
of the former and the acid produced from the latter by neutrajisitig one 
another maintain that approximately neutral condition of the medium which, 
as has proved, is most favourable for the action of the organism. 
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Experimental. 

Th<* Ex/iminatim of ihe Behavimir of Non-ifas-produciny Qrganmns tmmrih 
Fornmtes m a means of Deciding whether ihe Organism, has hem Derived 
from an Original Gas-prodming Strain, 

It has been nioiitioned above that by artificial selection of B, coli comniunu 
it is possible to obtain strains whicli do not produce gas from glucose, 
and that this [)henomenon consists in part, in some oases, in a lessened 
power to decompose formic acid possessed by the selected organism. 
In the case of the struius examined by Penfold and Harden (1912) the 
power of decom]>osing formic acid was in all cases retained by the 
select;ed strains, and certain strains examined in the course of this work 
were found likewise to have retained this power. In the case of one strain, 
liowever, the power to decompose formic acid had l)een entirely lost. It 
may, tlicrefore, be considered as probable that the strain incapable of 
decomposing formic acid repres<mts a more advanced stage in the process 
of selection, and that, therefore, this type would be more permanent in 
idiaracter. Such indeed has proved to be the case, for while the strain 
wliich n?tains the power to decompose formic acid tends to reverb in its 
properties to th(^ parent organism as regards the production of gas Irom 
glucose, the other strain, which cannot decompose formic acid, shows no 
such tendency, although it has been frequently sub-cultured during the course 
of seven months. 

In view of the fact that the more permanent non -gas-producing tyj>e *of 
artificially selected strain is unable to decomjyose formic acid, it may he 
suggested that the same phenomenon might be exhibited by naturally 
occurring noii-gas-produciug organisms, and that in order to decide whether 
a strain which, at any particular time, does not produce gas has been 
recently derived from a gas-producing strain, an examination of its behaviour 
towards formic acid might be of crucial importance. 

It frequently happens that organisms isolated from natural Houi*cee differ 
apparently only as regards the power to produce gas from carbohydrates and 
allied substances, and the question arises as to whether the one organism 
may havo recently been derived from the other. Arkwright (1913)^ for 
example, has obtained varieties of B, aeidi iadici differing in the aforesaid 
respect, both strains occurring in the same sample of urine, and he was 
also able to show that in certain eases the nou-gas-produomg streun could 
be trained to decompose sodium formate if grown for some time on a peptone 
water medium oontaining this salt The writer has found the power to 
produce gas from mannitol may, in some instauoes, be made to disappear by 
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fiimply allowing a broth culture of B. coti mmmnia to remain uncbunged for 
three monthfl, or by growth of the gas-produoing organism anaerobically in 
peptone solution containing mannitol in the presence of chalk for about 
one month. At the end of the period described, if a loopful of the culture 
be plated out on to agar, many of the colonies which grow at 37® will be 
found to produce no gas when inoculated into mannitol peptone water 
tubes, This change may be seen from Table I. 


Table I. — The Disappearance from B. rMi convmunu of the Power to 
Produce Gas from Mannitol by Continuous Growth of the Normal 
Organism in Unchanged Cultures. 



Production of gas. 

History of tbe culture. 

- • - - 



Mannitol. 

Glucose. 

Normal B. coU recently isolated, average 46 normal 
strains 

The above-mentioned normal strains after being kept 
in unchanged broth 4 months, average 6 strains 

Kept in unohanged broth 4 months, average 12 strains 

11 1* ^ »> II II 

II 11 ^ ji If a „ 

11 II 11 >1 ^ 11 

$0 mm. gas 

86 1, 

12 I, 

6 1. 

2 » 

Nil 

21 O mm. gu. 

22-0 „ 

*0-0 „ 
W-6 „ 

20-6 „ 
21-0 „ 


The strains described in Table I, which did not produce gas from mannitob 
were examined after growth on broth during several sub-cultures and were 
found not to produce gas from mannitol when inoculated from the broth 
tabes into mannitol peptone water. Thus the acquired character is inheritetl 
for a considerable time under these conditions. It will be seen from the 
foregoing table that no change has been brought about in the power to 
produce gas from glucose, and this is also true for dulcitol. Nevertheless, 
if by simple growth in peptone water B. coli comrminu yields a strain 
incapable of producing gas from mannitol, it would seem not unlikely that 
some similar process might, with time, lead to the disappearance of the , 
power to produce gas from glucose, but such has not so far been observed. 

In deciding whether an organism possesses the formic acid decomposing 
enzyme, which it is suggested here should be used as a criterion of a gas- 
producing organism, it is not convenient or sufficient to observe whether gas 
is produced from peptone water oontaiuing sodium formate. The test should 
1)6 made with a mixture of sodium formate and glucose in such proportions 
that the sodium carbonate which will result from the decomposition of the 
formate will be approximately sufficient to neutralise the acid which will 
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be produced from the carbohydrate. A convenient mixture is 1*6 i)er cent, 
carbohydrate and 0*5 per cent, sodium formate in 1 per cent, peptone water. 
It will be found under these circumstances that whereas an organism may 
give only a few bubbles, or even no gas at all, from sodium formate peptone 
water alone, and none at all from glucose peptone water alone, the mixture 
may yield gas with great rapidity, so that in 20 hours a Durham tube may 
be completely filled. This increased gas production is due chiefly to the 
decomposition of the formate, but partly also to gas which may be produced 
from the sugar when the solution is maintained neutral, as will be described 
later. 

This increased gas production from formates in the presence of carbo- 
hydrates is strikingly illustrated in the case of a selected stiain of 
B. colt conimunu obtained by the chloroacetate method, as will he seen from 
the following table. The numbers represent millimetres of the tube 
occupied by gas in the Durham tubes of 45 mm. length. 


Table II. — The Effect of Addition of Carbohydrates and Allied Substances 
on the Decomposition of Sodium Formate by an Artificially Selected 
Strain of B, coli comifnunu producing only a Minute Quantity of Gas 
from Glucose. . 


Time. 


Sodium 

formate. 


01ucoee. 


Lactose. 


j 

Mannitol, i Buloitol. 

I 


Sorbitol. 


Qlyoerine. 


(Concentration of the Sugar or Alcohol 2 per cent.) 


liour*. 

12 

Nil 

Nil 

Nil 

Trace 

Nil 

Trace 

24 



n 

11 

ft 

12 

86 


Minute 

Minute 

23 

ji 

26 

60 


bubble 

No inevme 

bubble 

0-6 

No increaee 

»» 

No increase 

S4 I 


i$ 1 

2*0 

»} 

3 

ft 

lOB 

»» 

ft i 

8t) 

}» 

80 

»> 

182 1 


»» 1 

i 8*0 


87 i 

i »» 


Evolution of Gas from the above Carbohydrates and Alcohols after 
Admixture with Sodium Formate. 

(Carbohydrate or Alcohol 1*6 per cent., Sodium Formate 0*6 per cent.) 


12 


12 

4*0 

Trace 

Nil 

2 

24 


Full 

luU 

10 

it 

10 

36 




34 

ft 

FttU 

60 




7na 

tf 


84 





6 



The following facts should be noted in connection with the experiment 
described above ; — 
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(1) The non -production of gas from fomate peptone water alone was due, 
in part, to the natural alkalinity of the medium. To demonstrate this 
varying <piantities of N/IO HsS 04 were added to a series of sodium formate 
peptone water tubes, which were then inoculated with a loopful of a broth 
culture of i?, coli commnis. It was found that in those tubes in which the 
i-eaction to litmus was nearest to neutral, there was a slight production of 
gas, whereas those which were distinctly alkaline or acid showed no gas 
at all, 

(2) The manner in which the inoculation ie made is also of importance. 
Several tubes of sodium format© peptone water were inoculated each with a 
loopful of a broth culture of B. coli, and another set of tubes were inoculated 
each with a loopful of an agar growth of the same organism. The former 
set of tubes produced no gas, the latter produced one-tenth of a Durham 
tute. This difference in the production of gas cannot be due siniply to the 
size of the inoculation, for even when kept for 10 days the formate tubes 
inoculated from the original broth culture showed no production of gas. 
Probably, therefore, the bacillus wheji grown on agar contains more of the 
formic acid decomposing ferment than when grown in broth. 

(3) The decomposition of sodium formate is not assisted in the same 
degree by mannitol os it is by glucose and the other sugars or by sorbitol, 
and it may be possible tliat this phenomenon is related to the fact already 
mentioned, that the power to produce gas from mannitol disappears from 
old broth cultures of J5. coli communis, when these have remained unchanged 
for some months, and still more readily when the fluid contains mannitol 
and the prcxlucts therefrom. 

It should be noted also that, since less acid is produced from a hexahydrio 
alcohol than from the same weight of a hexose when fermented by B, coli 
\ mnmunlH, the fact that the alcohol does not assist so well in the acceleration 
'of the decomposition of the formate by the organism is in harmony with the 
view that it is the neutralisation of the medium by the acid produced by 
the carbohydrate or allied substance which is of assistance fur the further 
decomposition of the formate. 

The fact that in any particular experiment no gas may be produced from 
glucose peptone water is not a complete proof that an organism cannot 
prod\ice gaa at all from glucose, for the acid produced under circumstances 
in which no precaution is taken jto neutralise the medium inhibits thie 
decomposition of formic acid. 1 
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QuaiUitative Stvdy of the Mate and Extend of BeeoumposUi&a of Sodium Formate 
and Glucose by an Artificially Selected Non-yaS’produemg Strain of B, coli 
coimminis when grown on them either sepanddy or ttysther. 

In order to determine the causes of the greatly increased gas production 
observed when B. coli communis was grown on a mixture of sodium formate 
and glucose, the change was followed quantitatively. For this purpose it 
was necessary to determine the weight of formic acid and glucose oousumed 
in the reaction and the total carbon dioxide and acid produced, and also to 
measure the gas production from time to time. The metliod which was 
employed would be suitable for the examination of the decomposition of 
many other substances by bacteria, and it is therefore described in detail. 

A quantity of 50 or 100 c.c. of 2 per cent, glucose in 1 per cent, peptone 
water is sterilised and inoculated with the organism. The cotton-wool plug, 
which should fit loosely, is pushed half-way down the neck of the flask, and 
the flask is connected with a SchifTs gas burette by means of a rubber 
stopper provided with a two-way tap. The burette, which is fllled with 
mercury, is in connection with a reservoir for adjusting the pressure, as in 
the apparatus described by Harden, Thompson, and Young (1910). Before 
beginning the experiment, air may be removed from the flask by putting it 
in connection with the burette. On lowering the reservoir air passes into 
the burette. Nitrogen is then admitted to the flask by reversing the tap, 
and this process is reiwated four or five times, when the oxygen will have 
been practically all removed. The flask is well immersed in a water-bath 
maintained at 37°. When it is desired to stop the reaction, the flask is 
removed from the water, and the contents are, after turning the two-way 
tap so as to put the flask in connection with the apparatus described below, 
carefully brought to the boil, the gas driven out displacing the mercury 
from the inner tube A (see figure). 

Details of the Use of the Gas GoUeeting Apparatus. — The object of the 
apparatus is to collect all the gases which remain in the fermentation flask 
both free above the surface of the medium and dissolved in the fluid. 

A is an ordinary Liebig’s condenser set vertically and connected by a 
three-way tap D with a gas burette B accurately graduated. By putting D 
in connection with the pump or by raising the tube C, which must be filled 
with mercury, the mercury rises to fill B; the tap E is then closed. The 
tap D may now be reversed and mercury drawn up into the inner tube A 
from the reservoir V" to the level L'. A circulation of water in the Liebig’s 
condenser is not necessary for the condensation of the ateam, but helps in 
keeping the temperature of the collected gas constant. To collect the gases 
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the flask F is heated carefully and the contents brought to the boil; the gas 
displaoes the tnereury from the inner tube A, and should the gas evolved 
be more than sufficient to fill A the tap D may be turned so as to connect 



A and B, and the tap E turned so as to oonnect B and 0, while C is lowered ; 
the ffleroury in B falls with a corresponding rise of mercury in A. 

The volume of the inner tube from a definite etched mark L" to the tap 
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I>, iiicluding the volume of the pressure tubing connecting A and B, Jiaving 
been previously determined, the total volume of evolved gases may be 
measured by raising the reservoir C, E being open, and I) turned to connect 
A and B ; the mercury then rises in B and falls in A, in which it is allowed 
to fall to the level To correct for pressure an allowance may be mode 
for the height pf the mercury from the surface of the reservoir L'^' to L'^ 
but it is also quite convenient to lower the whole Liebig's condenser until 
L" coincides with L'". The volume of gases in the graduated tube B is 
then observed, and this volume added to that of the inner tube A, A sample 
of the gases may now be conveniently removed by lowering C. When B 
contains sufficient of the gases for analysis, the whole apparatus B-C may, 
if desired, be removed from its connection witfi A, 

The apparatus has been described in detail because it is of use for the 
determination of all gases remaining in the fermentation dask In the 
experiments recorded in the present communication, however, it was only of 
value to determine residual carbon dioxide. 

Details of ilie Determinations , — The carbon dioxide boiled oflf from the 
solution, as described above, is measured in the usual way. The flask is 
now detached from the apparatus and the contents filtered from the deposit 
of chalk, and the filtrate and washings precipitated in hot solution with 
ammonium oxalate. The precipitate of calcium oxalate is used to estimate the 
calcium corresponding to the total acids produced during the fermentation, 
an allowance being made for the calcium in the peptone. The filtrate from 
the calcium oxalate is acidified with oxalic acid and distilled in steam, the 
distillate neutralised with deei-normal potash and evaporated to dryness ; 
the residue is dissolved in about 60 c.c. of water, and the formic acid 
determined by the reduction of mercuric chloride. The residue from the 
steam distillation is made up to a definite volume, and an aliquot portion 
used for the determination of the residual sugar by Bertrand's method after 
the removal of peptone by Patein’s mercuric nitrate reagent. 

The results of the experiment are summarised in Table III. 

It will be seen from Table III tliat about ton times as much gas was 
produced by the selected strain of B, coli communis from calcium formate in 
the presence of glucose as was produced by it from calcium formate alone. 
The amount of sugar decomposed in the presence of calcium formate is 
considerably greater than in its absence, even when the medium is kept as 
far as possible neutral by chalk 
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Table III. — Comparison of the Action of an Artificially Selected Strain of 
B. (toli eommunis (Escherioh) on Glucose alone; Glucose + Calcium 
Formate; Calcium Formate alone. 



■ " : 

Conditions of the experiment. 1 

G^luooeo alone. 
Medium not 
neutralised during 
fermentation. 

G-lueose alone. 
Medium kept 
neutral by 
chalk. 

Glucose + calcium 
formate + chalk. 

Calcium fqrmate 
alone. 

Duration 

99 hours 

99 hours 

120 liours 

120 hours I 

Olucoae before . . . 

3-886 

1*6926 

1 *6926 

None 1 

„ after 

8 *2276 

1*062H 

None 


,, consumed 

0 ‘1674 

0*6098 

1 -6086 


Pormic acid before 

None 

None 

0*6244 

0-6244 ! 

„ „ after 

0*0874 

0 *0249 

0 *0276 

0 *4988 j 

„ „ con- 



1 0*4968 

0*0266 

sumed 





OO3 total gas 

42 V.O. 

90 c.o. 

291 C.c. 

12 0.0. 

COj from acids on 

41 


161 „ 

— 1 

i 

chalk 





OOj from formate 



n9 „ 

12 c.o. ! 

CO3 from sugar ... 


6 c.c. 

u 

i 



The jnediujn oontoined in all oases 1 grm. peptone (Witte) in 100 o.o. 


The actual carbon dioxide produced by the organism from calcium formate 
is in reality twice that actually evolved, for in the decomposition 
(HCOO)jCa + HjO = CaGO#+COj+2H8 
it is clear that one-half of the CO» is retained in combination with tlie 
calcium. 

These results bring out, therefore, very clearly one object which is attained 
by the decomposition of formates by these bacteria, viz. : that the organisms 
are thereby supplied with the best possible neutralising agent. For the 
formate by being decomposed into carbon dioxide and hydrogen virtually 
liberates alkali within the bacterial cytoplasm, and thus not only neutralises 
the medium, but also the bacteria themselves. Moreover the calcium formate 
being itself neutral possesses none of the disadvantages which would arise 
from the presence of even a slight excess of alkali. It would lie difficult to 
devise a more efficient means for maintaining neutrality in this case. 1 
would suggest the utilisation of sodium or calcium formate as a neutralising 
agent in working with those organisms capable of deo<»apo8ing it, especially 
for solid media, with which the addition of dissolved alkali from time to time 
would be impracticable. 
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Summary arid Condmim* 

(1) The power of B. cdi communis to decompose formic acid varies con- 
siderably when the organism has been kept for some time on artificial 
media. 

(2) The decomposition of formates is inhibited by a very small excess of 
either acid or alkali and, therefore, a greatly increased decomposition of 
formates results if glucose is added, since the acid produced from the sugar 
neutralises the alkali from the formate. 

(3) A method and apparatus are described by which the decomposition of 
various substances by micro-organisms may be followed quantitatively 
requiring only 50-100 c.c. of the solution. 

(4) It has been suggested that in place of a solution of sodium formate 
mixture of sodium formate 0*5 per cent, and glucose 1*5 per cent, should be 
used as a teat of a gas-producing strain, since by this means the production 
of gas from formate is greatly increased, and it is also suggested that the test 
could be used as a criterion as to whether an organism, which has been 
recently isolated from some natural source and produces uo gas from glucose 
peptone water, may be regarded as having been recently derived fiom a gas- 
producing strain. 

(6) It has been shown that formates may be conveniently used as 
neutralising agents, and that thereby the activity of gas-forming organisms 
may be considerably increased. 

In conclusion I would express my thanks to Prof. Harden, RILS., for help 
and criticism. 
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l%e Enzymes which are Concerned in the Decomposition of Chtoose 
and Mannitol by Baoillus coli communis. 

By Egketon Charles Grey, 1851 Exhibition Scholar. 

(ConununicAted by Dr. A. Harden, F.R.S. Becoived February 19, — Bead 

March 26, 1914.) 

(From the Biochemical Department of the Lister Institute.) 

By the cultivation of bacteria in the presence of certain substances, for the 
most part toxic in character, it is possible to obtain strains in which the 
fermentative powers differ considerably from those of the parent oi^nisms. 
As an example may be taken a variety of B. coli communis (Escherioh) which 
was produced by the growth of that organism on agar containing sodium 
chloroacetate (see Penfold, 1911). This strain differed from the parent strain 
in that it now decomposed glucose with the production of acid but not of gas. 

This result pointed to two possibilities ; firstly the decomposition of glucose 
by the selected strain might be brought about by a set of ferments, which 
acted very differently from those of the normal strain responsible for the 
decomposition of the same substance, or secondly the primary cleavage 
products of glucose might be the same both from the original and the 
selected strain, and the difference between the action of the two mi(^t 
depend upon some secondary process, as for example the decomposition of 
formic acid, through which, as Fakes and JoUyman (1901) and Harden 
(1901) have shown, the carbon dioxide and hydrogen most probably arise. 

It is obviously of great biological importance to know whether the changes 
brought about by growth on sodium chloroacetate result in any profound 
modification in the carbohydrate metabolism of the organism. It was, at the 
outset, considered most probable that those enzymes which were reeponsible 
for the cleavage of the glucose molecule into its primary products would be 
less likely to be lost than those which bror^t about the secondary changes. 

It was hoped, therefore, that by a comparison of the products formed fbom 
glucose and mannitol by the normal organism with those produced from the 
same substances by the artificially modified strains it would be possible to 
determine how many different enzymes were concerned in the process. 

If a number of products are formed by one enzyme the ratio whiob they 
bear to one another should not be altered by the process of seleoti<m, or 
oonversely if on selection the ratio between any two substanoes is found to 
alter it may be taken as evidence that these two substances are not produced 
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hj one enzyme, unless these two substances can replace one another to a 
certain extent owing to secondary reactions. 

Isolation of the Organmn, 

B. coli commmm (Escherich) was chosen for this work since the first 
observations made by Penfold (1911) on the disappearance of the gas- 
producing power by growth in the presence of sodium chloroaoetate were 
made with this organism. It was found, however, that very many strains 
of B, coin communis could be isolated, showing not only differences in degree 
(which need not be considered here), but also of kind. 

The organisms were isolated from human feces in tlie ordinary way. A 
broth culture was made and from this bile salt cane-sugar neutral red agar 
plates wore inoculated; after incubation for one or two days at 37®, a 
number of white colonies (cane-sugar non-fermenters) were removed to tubes 
containing lactose peptone water coloured with litmus, and provided with 
Durham gas tubes. Those tubes which on incubation produced acid and gas 
(lactose fermenters) were used to inoculate a series of tubes containing 
duloitol peptone water. By these three operations organisms were obtained 
which according to MacConkey (1905) belonged to the B, coli communis 
(Escherich) group. The general characteristics of the four varieties which 
were found will be seen by reference to Table I 


Table I. — Characters of Strains of B, coli communis occurring together in 

Normal Fasces. 


Motility. 

Indole pro- 
duction. 

Milk 

olotting. 

Fermentation of sugars, etc 

^ 1 ~ 1 ' 

GJuoose, I Lactose. Mannitol. 

. 

Cane-sugar. 

1, lUptd 

Strong 


A, a 

A, a 

A,G 

m 

2. Slight 

Medium 

a* .. 


A, a 


NU 

3. Slight 

Strong 1 

S d.]ri 

A,0 

A, a 

A, a 

Nil 

4. Bspid 

NU , 

Mhi*. 


A. a 

A,0 

Nil 


A Add. 0 « 


All the above strains were Gram negative, did not liquefy gelatin and did 
not give the Voges and Proskauer reaction. Very many examinations were 
made of the matUity in from 3 to 10 hours' cultures. 

The moat striking diffbrence is that between the rapidly motile 
No. 1 and the praetioally non-motile No. 2. These were ebosen, therefore, 
for further abudy, since it seemed possible that the motile organfen 
differ oonstderaMy in its metabolism from that which was sli^^tly motile. 

2 N 2 
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The consideration of this relationship is. however, not one of the objects of 
the present communication. 

It is important to note that the difference in motility between strain 
Ho. 1 and No. 2 is not merely one of degree but rather one of kind. It is, 
as a matter of fact, rather difficult to decide whether No. 2 is really motile 
at all, and only after concentrating the attention on one bacillus and 
observing its position from time to time in relation to an adjacent organism 
is it possible to decide that it really does exhibit a motion of translation. 
The strain was examined very many times in cultures from 3 to 12 hoars’ 
growth and at later periods, but no increase in the motility of this strain 
was ever observed. With the strain No. 1 the appearance is entirely 
different ; in cultures of any age from 3 to 24 hours, rapid motility is readily 
observed. In cultures less than 9 or 10 hours’ old the bacilli may be seen 
travelling with such rapidity that it is almost impossible to follow the course 
of any one particular bacillus. In young cultures (3 to 7 hours) the bacilli 
may be readily seen in long threads, in which the bacilli have not had time 
to separate. No such threads were obtained with strain No. 2. 

The highly motile typical S. coli communis (Escherich) will be referred to 
as No. Cl, and the feebly motile strain as No. CF. 

Artificial Selection of Non-gas-producing Strains by Orovith of B. coli oommonir 
{Escherich) on Agar containing Sodium Chloroacetate. 

The technique of the ohloroaoetate method of selection has been described 
by Penfold (1911) and has been closely followed here. It has been found, 
however, that there is very considerable variation in the power of resistance 
to sodium chloroacetate, and also in the appearance of the chloroacetate agar 
plates inoculated with various strains of E. coli (Escherich). The nature of 
the changes brought about by growth in the presence of sodium chloro- 
acetate will be disoussed in a separate communication, and it must suffice to 
say here that the changes do not merely consist in the simple disappearance 
of the power to produoe gas from glucose, but are, rather, of such a nature 
as to affect, to a greater or less extent, most of the enzymatic functions of 
the cell. 

Some of the selected organisms are grown anacrobioally only with great 
difficulty, and hence their chemical products cannot be readily investigated. 
Other strains show the property of spontaneously agglutinating and cannot, 
therefore, be very well shown to be derived from the original organism. In 
this work, only those selected strains which, by means of the agglutination 
test, could be demonstrated as related to the original cn^ptaisms, have been 
employed for the examination of the decomposition prodnots from glnoose 
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and mannitol Two varietiee of selected organisms have been used — ^the 
one (Cl selected) prod4ced from the typical J5, coli (Esoherioh) No, Cl, like 
the organism of Harden and Penfold (1912), produced acid and no gas from 
glucose, while it still produced gas from mannitol, and also retained the 
power of decomposing formates in the presence of glucose (see Grey, 1914), 
The other (CF selected), obtained from the organism CF, now gave acid but 
no gas, either from glucose or from mannitol, and was also unable to decom- 
pose formates even in the presence of glucose. This second selected organism 
might perhaps be regarded as representing a further stage of selection than 
the first, but I have not found it possible so far to obtain from Cl a strain 
comparable to CF (selected). 

The Relatiomhip hetween the Normal and the Artificicdly Selected Strains 
as established hy the Agglutination RsacUoiu 

The artificially selected strains (when made into an emulsion by the 
addition of normal saline to an agar growth) were found in many cases to 
agglutinate spontaneously. The freshly selected stiuin was therefore first 
plated out on plain agar and agar slopes made from several individual 
colonies. By this means it was found possible to obtain strains which did 
and strains which did not agglutinate spontaneously. The latter were then 
treated with rabbit serum containing the specific agglutinins for the normal 
strains Cl and CF, and it was found that the serum obtained by inoculating 
a rabbit with normal Cl agglutinated normal Cl and the artificially selected 


Table II. — Demonstration of the Kelation between the Normal and Artificial 
Selected Strains (obtained by the Chloroacetate Method) by means of the 
Agglutination Test. 
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strain derived from it, but did not aggintinate the strain OF. And, likewise, 
the serum obtained by iuooolating a rabbit with the normal strain OF 
a^lutinated the normal strain OF, and the selected strain derived from it 
(CF selected) up to a dilation of 1 : 26600, but did not produce the slightest 
agglutination with the normal or selected strain No. Cl.* This may be seen 
from Table II. 


Analytical Tecknique. 

The methods of analysis described by Harden (1901) have been for the 
most part closely followed ; certain slight modifications, however, have been 
introduced, which may be described here. 

Volatile Acids . — In the steam distillate which is used for the determina- 
tion of formic and acetic acid, the formic acid has been determined by the 
formation of mercurous chloride, and the acetic acid obtained by subtracting 
the amount of formic acid so found from the total acids determined previously 
by titration of the whole distillate with alkali, using phenolphthaleiu as 
indicator. Two errors are introduced here due to the presence of small 
amounts of carbonic acid and lactic acid in the distillate. The carbonic acid 
has, therefore, been estimated by barium hydroxide and the lactic acid by 
Eyffel’s method. This estimation of lactic acid in the distillate becomes of 
importance when the amount of acetic acid is small. 

The distillation to obtain the volatile acids was carried out in two stages. 
The first fraction was obtained without admitting steam, measured about 
400 C.C., and contained the alcohol and part of the volatile acid. This 
fraction was titrated with standard baryta solution. A slight excess of 
baryta was then added, and the solution distilled with a fractionating column 
in order to remove the alcohol. The residual fluid now contained a granular 
precipitate of barium carbonate, which was removed by rapid filtration and 
titrated at the boiling point with N/10 HsS 04 . The barium hydroxide 
corresponding to the barium carbonate was deducted from that required to 
neutralise the first distillate. In this way an accurate correction may be 
made for the carbon dioxide dissolvOd in the distillate. 

After removal of the first 400 c.o. steam was admitted, and the distillation 
continued until 100 c.c. of the distillate required only 0'l-0'2 c.o. of normal 
alkali for neutralisation. The total steam distillate usually measured about 
2500 0 . 0 . The distillate was neutralised with potash, united with the first 
fraction, and the whole evaporated to dryness. The residue was dissolved 
in 100 0 . 0 . of water, and an aliquot portion used for the detepoination 

* The agglutinating lera were kindly prepared for me by Dr. j. A Arkwri|^ of this 
Institute, to whom my best thanks ore due. 
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formio acid, another portion being used for lactic acid by Eyffers method 
(1909), 

The extent of the correction for carbonic acid and lactic acid in the distil- 
late of volatile acids may be seen from the figures 
quoted in the table on p. 478. 

Colkdion of the Gas, 

The carbon dioxide and hydrogen evolved were 
in some experiments collected in the apparatus 
of Harden, Thompson, and Young (1910) ; in 
other cases a simplified form of this apparatus 
W6W3 employed, which is here figured. The object 
of this modified form of apparatus is to disjiense 
with all taps and to reduce the number of glass 
joints. The present form of apparatus has but 
one glass junction, and has also the advantage 
that when evacuated it can be sealed by allowing 
mercury to rise in the inner capillary tube througli 
which the air has been pumped out of the flask. 

The arj'angement for maintaining the pressure in 
the fermentation flask constant (by ad^justing the 
level of the surface of the mercury in the reservoir 
automatically) is also of a simpler type. 

The flask A is evacuated by means of the 
capillary tube, which passes up through the tube B 
in which mercury rises as the air is removed. 

The tube from the fermentation flask in the 
incubator is attached to D hy a rubber junction. 

The gas in the fermentation flask is evolved 
under atmospheric pressure, this equalisation of 
the pressure in the flask with that of the atmo- 
sphere being effected by means of the S-shaped 
syphon (a), which is filled with mercury and 
automatically adjusts the level of the surface of 
the mercury in the mercury reservoir. 

By plunging the rubber tube c beneath mercury 
and opening the clip K mercury may be allowed 
to rise in the capillary tube, and thus the flask A becomes ooxapletely sealed 
from the atmosphere. 

The neck of the flask A may be plunged beneath wax. This substance 
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although quite eifeotive, is somewhat troublesome to use, owing to shrinkage 
on cooling. A rubber stopper plunged beneath mercury is, on the whole, a 
simpler means of sealing off the flask. 


Total rolatile aotd| 
c.o. noTmal potasli. 

Oarbonio aoid, 
o.o« normal bai^ta. 

Lactic acid* 

c.c* normal method). 

4a -6 

1*44 

1*68 

3S ‘2 

I'D 

1*1 

84*8 

i 0-8 

0-8 

61 ’6 

1-0 

1-0 

41 1 

1*8 

0*8 


Semlts of Analysis of the Deeompodiioii Prodticts of Gl'ocose and Mannitol 
formed hy the Action of the Normal and Selected Strains of B. coli communis. 


Table III. 


Typical i?. coli cmmnwnin (rapidly motile) No. Cl, 

Product. 

Normal, 

Selected. 


per cent. 

per cent. 

Mean. 




On Oluoose. 


00, 

14*90 

14*74 

14*821 

2*26’) 

H, 

0*66 

0*62 

0*64U8*66 

0*08ll7*28 

Porniio 

8*24 

8*86 

8*80 J 

14 *90] 

Acetic 

14 '10 

12*91 

18*00 

5*60 

Lactic 

89*42 

86*91 

88*07 

69*60 

Succinic 

8*80 

4*60 

4 -so 

6*60 

Alcohol 

12 *88 

11*02 

11*98 

4*90 




86 -86 

92*92 

Ratio CO, : H,... 

1*28 

1*29 

1*26 

1*28 



On Mannitol. 


CO, 

86*86 

28*00 

27*681 

18 *8:11 

H, ' 

1*04 

1*06 

1*06 1.86*77 

0*64l8l*45 

Formic 

7*21 

7*66 

7*89j 

17*46j 


7*88 

6*78 

7*04 

7*20 


22*62 

28*27 

24*66 

19*96 

Succinic 

6*80 

6*00 

6*90 

8*61 

Alcohol 

27*06 

26*65 

26*96 

27 46 




101 *21 

94*67 

Ratio 00, tH,... 

■ 

1*17 

1*20 

1*19 

0*95 
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Table III — coTUinueiL 


Variety B, coli communis (very slight motility) No. CF. 


Glucose. 

liCannitol. 


Normal. 

Selecttid . 

Normal. 

Selected. 


per cent. 

per cent. 

per cent. 

per cent. 

CO 2 

16 •92] 

None ] 

88 -60] 

None ] 

Hs 

0-42 V27 *07 

None y 11 *80 

1*46 Ul ‘52 

None U2*5a 

Fomio 

9-73 J 

11 -soj 

1*67 J 

82 *50 J 

Acetic 

18*49 

10 13 

12 *88 

11*20 

Lactic 1 

36 *83 

62 ‘00 

7-48 

16 ‘84 


0*74 

0*80 

6-60 

6*20 

Alcohol ! 

18 '06 

5-80 

26 -50 

22 ‘89 


101 *19 

90 08 

94*04 

88 '63 

Ratio GOj : Hy... 

1 *83 


1 *21 



The*se results may also be expressed as carbon atoms per molecule of 
glucose and mannitol respectively. 


Table IV. 


Product. 

j Cl (rapidlj motile). 

* CF (slightly motile). 

j Normal. 

Selected. 

Normal. 

Selected. 


per cent. 

per cent. 

per cent. 

per cent. 


Glucose (carbon atoms per molecule). 


GO, 

0*60 

0*10 

0 70 


Formic 

0*14 

0-68 

0’40 

0*40 

Aoetio 

0*81 

0*84 

1*11 

0*61 

Lactic 

2 ‘87 

8*60 

2*20 

8*72 

Succinic 

0*22 

0*27 

0*04 

0*04 

Alcohol 

0-90 

0*89 

1*41 

0-40 


5*04 

8 '36 

6-86 

6*23 


Mannitol (carbon atoms per molecule). 


: < 

O c 

1 *09 1 H 

0 *28 J ^ ® ' 


o-oeP 

1*27 

Acetic 

0*44' 

0-45 

0*78' 

0*07 

Lactic 

1*48 

1*20 

0*45 

0*95 

Succinic 

• 0-80 

0*46 

0*84 

0*88 

Alcohol 

2*11 

2*16 

a 07 

1*86 


6-76 

5*48 

e-as 

6*18 
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Dimumon of Remdts. 

The most signifioant fact in connection with these results is that whereas 
in their action on glucose, the artificially selected strains of B. eoli 
communis have been considerably modified, in their action on mannitol the 
only important change is the non-decomposition in the one case, and only 
partial decomposition in the other case, of formic acid into carbon dioxide 
and hydrogen. 

The results with mannitol present greater uniformity than those with 
glucose, and may be conveniently considered first. It will be seen that the 
ratio (alcohol 4- acetic acid)/ 2 : formic acid* is practically constant and almost 
equal to unity. Thus 


2-55 
2 X 1-37 


0-93 ; 


2-6 

2 X 1-23 


T05; 


2-85 
2 X 1§4 


= 0-87 ; 


253 
2 X 1-27 


= 1 - 00 . 


This relationship also holds good for the earlier analyses of Harden (1901), 
and points to two conclusions — 

(1) Alcohol and acetic acid are probably derived from an intermediate 
substance common to them both, and they may therefore, to a certain extent,, 
replace one another. (2) This intermediate substance from which alcohol 
and acetic acid are produced is itself formed in constant ratio to formic acid. 

J>aotic acid might Iw regarded as being formed directly from mannitol by 
the action of a special enssyme, but this could only occur if {a) hydrogen 
were evolved in excess of carbon dioxide, or (J) alcohol and formic acid 
were produced by the same enzyme which produced lactic acid, as, for 
example, in accordance with the equation 

CeHwOe = C»HeOs+C,H60H+HCOOH. 


But if such a change as is represented by this equation were effected in one' 
step by a single enzyme then, since the proportion of lactic acid actually 
produced is only one-third of that demanded by this equation (see Table IV)^ 
it would follow that there must be another origin for alcohol and formic acid. 

The following hypothetical schemes are put forward to represent thft 
decomposition of mannitol and glucose : — 

Mannitol, 

I 

Lactic acid, C|H«0|. Intermediato •ubatonoe A 'f (2H)* 


Fomic acid, Intannediate aulMtanoo B Aloohol, OtHtO. 


Alcohol, 0|H«O. Aectio add, OfH 40 (. 

* Hydrogen it here written at atomio hydrogen to indicate that it it intcamolMnlar. 

* Formic odd includes Irse oarbon dioxide and hydeogem 
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Ghludote, 

i 

I«otic acid, -4*— Intemediate subsUuoe A, 


Formio aoid, lutenuediate subvtanoe B. 


Alcohol, CjHeO. Acetic acid, CsH^Og. 

The infceruiecliate substance A is unknown, but is postulated to account for 
the formation of lactic acid in such a way that the enzyme which produces 
lactic acid from glucose may also produce lactic acid from mannitol. The 
substance is probably related to pyruvic aldehyde. 

The intermediate substance B from which it is suggested that alcohol and 
acetic acid are derived is probably acetaldehyde. This view is supported 
by the evidence that acetaldehyde may bo detected among the products of 
decomposition of glucose by B, colt communis (Grey, 1913). 

Two molecules of acetaldehyde might undergo the Cannizzaro reaction 
(Parnas, 1910) with the production of alcohol and acetic acid, thus 

2CH3-CHO + HaO =:= CH^'COOH + CHa-CH^OH. 

If this were the main change in the case of glucose, it would account for 
the production of alcohol and acetic acid in approximately eipiiraolecular 
proportions. 

Again, acetaldehyde might be reduced to alcohol as postulated by 
Kostytscheff (1912) for alcoholic fermentation by yeast or directly oxidised. 

In the case of mannitol this reduction might be of great importance. It is 
represented hy the dotted lines in the scheme. And since, in this case 
the whole, or nearly the whole, of the hydrogen formed, along with the 
intermediate substance A, would be available for this pixrpose, the result 
would be the production of alcohol in largo excess over that of acetic 
acid, which is actually observed. 

While, however, the decomposition of mannitol and glucose may thus be 
represented as oceuiring along the same general lines, it is clear that some 
essential diflfarence must exist between the mechanisms of the two reactions, 
or they would not be so differently affected by the process of selection on 
chloroacetate agar. 

The simplest supposition is that this difference affects the production of 
formic acid and intermediate substance B, for artificially selected organisms 
produce these substances from glucose in greatly diminished amount, whereas 
from mannitol their production is not serioudy altered. 

While the exact nature of the difference in the two mechanisms must still 
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be a matter of conjecture, it may with some probabiUty be supposed that 
it is connected with the presence in the products from mannitol of hydrogen 
available for reduction. It must be remembered that the two hydrogen 
atoms possessed by mannitol in excess of those present in glucose are only 
capable of reducing half the possible amount of B which could be produced 
from one molecule of mannitol. Hence, even if lialf the mannitol were 
converted into lactic acid, these extra hydrogen atoms could be completely 
taken up by B. An a matter of fact not more than one-quarter of the 
mannitol appears as lactic acid, so that a considerable part of B is reduced 
to alcohol and the remainder probabl3^ undergoes the same change as in 
glucose, forming equiraolecular proportions of alcohol and acetic acid. 

It must be noted that from the above considerations one would expect 
that the production of acetic acid from mannitol by the selected organism 
would be somewhat less than by the normal. In my figures, however, this 
is not demonstrated to be the case, but it must be remembered that the 
amount of acetic acid produced by the selected organism does not exceed that 
produced from glucose. 

In the absence of more experimental results, however, it would be 
premature to discuss other possible origins of acetic acid. 

In the scheme for the decomposition of mannitol the production of the 
excess of alcohol, as compared to the case of glucose, is represented as 
occurring through the agency of this extra hydrogen. 

In the case of glucose, on the other hand, alcohol can only be produced if 
there be simultaneously the formation of some oxidation product, or in 
other words the hydrogen would have to be supplied by a reductase. 

It should be remembered that the aldehydomutase of Cannizzaro which 
brings about the conversion in this case of two molecules of acetaldehyde 
into acetic acid and ethyl alcohol is in reality also a reductase, the acceptor 
for the oxygen being the same as the substance reduced. The essential 
difference between the two changes would then reside in the necessity 
for the co-oi)eration of a reductase in the decomposition of glucose which 
would not be required to the same extent for that of mannitol. 

In all other respects after the preliminary decomposition of the original 
molecule the two actions would then require exactly the same enzymes. 

Considered dynamically, the reaction by which the intermediate substance A 
changes into formic acid and substance B occurs more rapidly with mannitol 
than with glucose, so that in the final pr^ucts less lactic acid is formed in 
the case of mannitol than in the case of glucose. 

This acceleration of the reaction in the case of mannitol by which inter- 
mediate substance A yields ultimately formic acid and alcohol as chief 
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products, may be due to the reduction of substance B to alcohol whereby it 
is removed from the sphere of the decomposition of A. 

If, then, the reductase were to be diminished as the result of selection on 
chloroaoetate agar, the removal of B from the sphere of decomposition of A 
would be slower. The decomposition of A into more of B and formic acid 
would therefore be specifically hindered, and as a result the production of 
lactic acid relatively increased. 

This is what is actually observed. On the other hand the decomposition 
of mannitol would be unaffected, as is also found to bo the case. 

The view that tho artificially selected strain produced by growth on 
chloroaoetate agar is deficient in some reducing mechanism is further 
supported by the fact that many of these strains show diminished power of 
growing anaerobically. Moreover it might be expected that this method of 
selection would lead to the survival of a strain deficient in reductase, for 
a strain with a highly developed reducing mechanism would probably convert 
monochloracetic acid to acetic acid with the liberation of hydrochloric acid, 
which would certainly not be of advantage to the organism. Such a process 
might therefore lead to the survival of the strain in which the reducing 
mechanism was poorly developed, 

Simmary and Conclmurm, 

Two artificially selected strains of B. coH communu obtained by growth of 
normal B. coH communis (Escherich) on agar containing sodium chloro- 
acetate have been examined quantitatively as regards their action on glucose 
and mannitol. In both oases the selected strains produced from glucose,, 
lactic acid in relatively greater, and alcohol, acetic and formic acid in 
relatively less, proportion than did the original strains from which they 
were derived, whereas from mannitol there was no diminution in the 
production of alcohol, acetic, and formic jvoid. 

From these results it is inferred that the artificially selected strains have 
not lost the enzymes which bring about the final reaction in the production 
of alcohol %nd acetic acid, but that the process of artificial selection has led 
to an absence or diminution of the reducing mechanism of the cell so that 
some intermediate substanoe, from which formio acid and the precursor of 
alcohol and acetic acid are derived, cannot be readily decomposed. 

In conclusion I wish to express my thanks to Prof, Harden, P.R,Sm in 
whose laboratory this work has been done. 
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On the Oenetics of Tetraploid Plants in Primula sinensis. 

By li. P. Gekoory, M.A., Fellow of St. John’s College, Cambridge, 
University Lecturer in Botany. 

(Communicated by W. Bateson, F.E.S. Received March 3 , — Read 
April 30, 1914.) 

The purpose of this paper is to describe certain peculiar results obtained in 
the genetics of two " giant " races of Primula sinenm. Cytological investi- 
gation has shown these giants, unlike the giant races already described,* 
to he in the tetraploid condition, that is to say, that whereas in ordinary 
Ih-imulas the ohromosomes are x (12) in the gametic and 2x (24) in the 
somatic stage, in the tetraploid giants the chromosomes are 2ai (24) in the 
gametic and, as nearly ae can be counted, 4a>(48) in the somatic cells. 

Nilsson-Ehlef and East} have shown that factors of similar property may 
be reduplicated in the same zygote (or gamete), with various peculiar 
numerical consequences not otherwise intelligible, notably the appearance 
in certain Fj-fsiailies of such ratios as 16D : IR, 63D : IB, and so on, when 
in the ordinary case 3:1 would be expected. Tlie ooourrenoes to be 
described in part recall this phenomenon; but, as will be seen, they ate 

* Gregory, ‘Oamb. Pliil. Boo. Proo.,’ vol. IS, p. 289(1900); Keeble, ‘Jotnn. Geaetioi,' 
vol. 2, p. 163 (1912). 

t “ Kreuzungeuntersuchungen an Hafer nnd Wetaen, I and II.” ‘lamdt Uuiv. 
Amkiift,’ 1009 and 1911 ; 'Beriohte d. Deutaohen Botaniioheu QaaeUachaft/ voL 29, 
p. 66 (1911). 

1 ' Asterioan Kfaturaliat,’ voL 44, p. 66 (1910). 
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accomparnied by others at first sight entirely paradoxical (as, for example, 
the fact that the ostensible recessive may throw the dominant), and the 
whole series may be regarded as of special significance in view of the 
association with the doubled condition of the cell-constituents. Moreover, 
in the tetraploid Primulas, the reduplication aifeots not merely the factors 
for isolated characters, but extends simultaneously to the factors for all 
the characters so far investigated. 

The tetraploid giants with which I have worked are of two distinct races. 
One of these, which will be referred to as the GX race, consists of the 
progeny of a plant kindly given to me by Messrs. Sutton and Sons. The 
other race (GT race) arose in the course of my own experiments. Two 
non-giant diploid plants were crossed together reciprocally. The Fi from 
one of these crosses gave a perfectly normal consisting of non-giant 
plants among which all the expected classes of offspring were represented 
in numbers closely approximating to expectation. The Fi from the 
reciprocal cross gave no seeds in a cross with one of its parent races and 
gave only four plants as a result of self-fertilisation. These four plants 
were giants, and from one of them the GT race has been bred. 

Up to the present time, neither the GX nor the GT races of giants have 
given any fertile seeds in crosses with various non-giant (diploid) races, 
whichever way the crosses were made. In this respect they differ from 
a diploid giant race, with which I have worked, which proved quite 
fertile with non-giants. It was this difference in behaviour which led to 
the discovery of the tetraploid nature of the GX and GT races. 

In the tetraploid plants the chromosomes are naturally more crowded on 
the spindles than they are in diploid plants, but in polar views of the 
spindles of either of the maturation divisions thei'e is no difficulty in 
determining that the number of chromosomes is normally 24 (compared 
with the 12 chromosomes found in diploid plants). In the somatic 
mitoses the chromosomes are longer than those of the maturation divisions 
and exact counts are difficult to make, but a number of counts have given 
numbers approximating to 48* The maturation divisions sometimes show 
some degree of irregularity, one or two chromosomes lagging behind the 
others in the movement to. the poles, but I am not yet able to say whether 
fertile germ cells having more, or fewer, chromosomes than 24 are ever 
formed* There is no visible difference between the chromosome groups of 
the thrum-eyed (short-styled) and pin-eyed (long-styled) plants, 

two plants which were the progenitors respectively ^ the OX and 
GT races each possessed its own series of dominant characters, in respect 
of which its origin would indicate that it was heteroasygous, lo the 
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course of breeding in the direct line from these plants the recessive types 
have from time to time appeared. The coarse which this process of throw- 
ing recessives has taken is shown in the following table : — 


Bomiufint character of parent. 

Keoessive charoi^ter. 

Cleneratiou in which the 
reoessive flrst appeared. 


ox Eace. 


Petals cut at the edges 

Petals heart-shaped with aim- 

S'. 

(siiiewm type) 

pie median notch (»ttllaia 



'Variety) 


T)otplnant white 

Magenta flowers 

F. 

Oreen stigma i 

Bed stiirma 

Fg 

Magenta I 

Bed. 


Palmate leares 

Fern loaves 

i 


GT Eace. 


Ih^minant white 

Magenta....,..., 

F^ 

M - - - - 1 1 

Bed 

Fa 

Thrum-eyed (short-styled) ... 

Pin-eyed (long-styled) 

1 

Fa 

ped stems .. 

1 Qreeti stems 

Fa 





In the character of the petals and in “ dominant white ” the dominance 
of the positive factor is not quite complete and the heterozygous plant 
can be distinguished from the pure dominant by inspection. In each of 
these cases, the appearance of the pure recessive is given in the table 
above, and in each case the heterozygote was recognised in the prece<ling 
generation. 

In the GT race one expected recessive type, the double flower, has not yet 
appeared. But in Fa two plants wth semi-double flowers were obtained, 
both of which would no doubt have produced doubles among their offspring, 
had they not unfortunately succumbed to the attacks of fungus before they 
ripened seed. 

It is obvious that some of the foregoing recessive characters have made 
only a belated appearance in the progeny of the original heterozygous 
plants. Both races of the tetraploid giants, however, produce a relatively 
very small quantity of seed in self-fertilisation, so that the families raised in 
each generation have nearly always been small. Consequently, in the 
present state of our knowledge of the processes of segregation in tetraploid 
plants, one cannot rejjpurd the sporadic appearances of the recessive types as 
providing a clear indicarion that processes other than the normal ones iwe 
involved. 

Besides the recessive types, both races of giants have thrown some 
peculiar intermediate forms, which mre distinct from any intermediate or 
other forms known to me in the non-fpant diploid races. Hie charscten, in 
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reepeet of 'n^bioh giant intermediates have been produced, indnde both 
tnoriihol<^oal characters and colonr-oharactera. Thej ate-^ 

Dominant Character. BecesaiTO Character. 

(1) Petals cut at the edges. Petals beart^haped with simple 

median notch. 

(2) Tie-ring habit of the inflorescence. Inflorescence condensed. 

(3) Palmate leaves. Fern leaves. 

(4) Dominant white. Coloured flowers. 

During the present year there have also been obtained some flower-coloured 
which are intermediate between magenta and red, but, as the diploid races 
also produce certain colours which it is difficult to classify, further experi- 
ment is necessary to show whether or not the new kinds of colour are 
peculiar to the tetraploid races. 

With regal'd to the characters (1), (2), and (3) above, it should be pmnted 
out that dominance is incomplete in the diploid races, but the giant 
intermediates form a distinct class from the common heterozygous type, 
which also occurs in the giant families, alongside of the peculiar intermediate 
types. 

The intermediates between the palmate and fern leaves are, however, the 
most striking, because in the diploid races the dominance of the palmate 
shape is, for practical purposes, complete. 

In all the cases tliere is some range of variation among the intermediate 
forms, and there may be differences of degree between the different organs of 
the same plant. 

Further, it has been found that in the tetraploid giants certain types of 
flower-coloration may occur, which closely resemble the colours of certain 
diploid pure races, but are, nevertheless, the product of a different set of 
faetore. This may be simply illustrated in the case of a Giant Bed with ted 
stigma, which almost exactly matched the colour of my Bed' £lilellata mm- 
giant race. ' The non-giant race is quite pure, and contains no oolour- 
infaibiting factors. The giant red, selfed, has given (1) forms like itself, 
(2) more deeply coloured forms, and (8) pure and heterozygous “Dnohees *^ 
t^pes, that is to say, types idtowing the possession of the factor which 
inhibits the produotimi of colour in tlm peripheral regionB of the flower. 
Other similar cases have occurred, both in plants witii greem stigmas 
(tiK, possAsring the factor which inhibitB odour in the oentral parts of the 
fliOfWer), as well as in those with red stigmaa l^eae oases, then, provide the 
d^riking result that the coloured form is shown to be m^ble of throwh^ 
-white. ■ . 

you 2 0 
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Phenomena of the kind jnst d^ribed, taken together 'with the faet tihat 
the tetraploid giants have prodnoed intermediates peculiar to themaetvee^ 
suggest some considerations as to the factorial constitution of the tetraploid 
plants. Both classes of {dienomena can, I think, be explained by means of 
the hypothesis that, as compared with diploid plants, the tetraploid jdants 
possess a double set of factors. Since in the zygote of a diploid pure race 
each factor is to be regarded as represented twice, AA, it follows that the 
tetraploid plant, according to this hypothesis, will be AAAA, and the 
gametes from which such a zygote is formed must be AA, tlmt is to say, 
the factor will be represented twice in the gamete, instead of once, as it is in 
the gametes of the ordinary diploid race. 

Heterozygous tetraploid plants may, then, be any one of three possible 
kinds, AAAa, AAaa, Aaaa. Since each gamete will contain two of the four 
units (" presences ” or “ absences ”) which make up the tetraploid group, the 
gametes produced by the three kinds of heterozygote, and the resulting 
progeny in Fj, will be as follows : — 

Case J. — Heterozygote, A AAa ; gametes, AA, Aa ; 

Fj, 1 AAAA : 2 AAAa : 1 AAoa. 

No pure reeessives in F*, but, of every four plants, one will give pure 
recessives in Fg in the proportion of one recessive in every 16 plants (see 
Case 2). 

Case II. — Heterozygote, AAaaj gametes, AA, Aa, Aa, aa; 

Ft, lAAAA : 4 AAAa : 6 AAaa : 4 Aaaa : 1 aaaa. 

Fj contains one pure recessive in every 16 plants. 

Com ///.—Heterozygote, Aaaa ; gametes, Aa, aa ; 

Ft, 1 AAaa ; 2 Aaaa ; 1 aaaa. 

Fa contains one pure recessive in eveiy three plants; no pure dominants, 
but, one plant' in every four will give pure dominants in Fj. 

Of the various kinds of heterozygote shown in the foregoing scheme, one, 
namely AAaa, has the same proportion of posiUve and native elements 
(" presences" and “ absences ") as the ordinary diploid heterozygote. With 
regard to the characters in respect of which the tetraploid giante have 
produced peouliur intermediates, it is suggested tlmt the intermediates may he 
either AAAa or Aaaa. The former would presnmaUy show the cumvdatlve 
effect of the three factors; like that which Nilsson-Ehle and East have 
recognised in some of their oasee, by giving a type more dosely xesmBbUpg 
the pure dominant than does the ordlnazy diploid betmMuygote, but 
Primulas such types Imv'e not yet been definitely recognised by ini^tion, 
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The intermediate Aaaa would be expected to show the dominant ehaxaotw in 
lees degree than the normal heterozjgote ; it ie to this olaBs tiiat the 
intermediates already described are to be assigned. 

The intermediate ohaincters do not, however, provide the most favourable 
opportunity for putting the hypothesis with which we are dealing to acritioal 
statistical test, because the range of variation among the intermediates is 
sufficient in some families to make classification by. inspection a matter 
of difficulty. This difficulty will no doubt decrease as one becomes more 
familiar with the new forms, but for the present all that can be said is that 
the results of the experiments are in general accord, with the present 
hypothesis. 

A more critical test is, however, provided by some experiments relating to 
the characters of thrum-eye and pin-eye, and red stigma and green stigma. In 
these oases no intermediates have as yet occurred and it may be assumed 
that one “ dose ” of the factor is sufficient to bring about the development of 
the dominant character. The results of these experiments are set out in 
Tables I and II. 


Table II. — Crosses of Green Stigma and Red Stigma. 


Fi plant. 

1 

1 


X reoeafiiTe. 

Gfwen- j 

Bed. 

Fomi of crow, j 

Cfreen. 

Bed. 

72»/13 

13 

i 0 

72»/18ai ? 

& 

2 

7Z‘;X8 

17 1 

0 

72^/18 M $ 

28 

1 ^ 

72*/18 

1 

1 ^ 

T2«/13 M ? 

14 

4 

68V18 

44 

8 

es'/tBu $ 

W 

1 




Ditto 

1 

0 




IMtto 

8 

0 


1 

1 


68718 a* g 

43 { 

17 


In these results two kinds of heterozygous Fi plants are clearly shown to 
exist. Thus, in the crosses of thrum x pin (see Table I), the Fi fiS'/lS ^ve 
41 thrum 1 pin when aelfed, and 66 thrum 15 pin when crossed with the 
recessive. These numbers may, I think be regarded as representing 
respectively the ratios 16:1 and 3:1, and the F^-plant may therefore be 
identified as AAaa. The thrum parents from which the other Fi’s were 
obtained each gave a small number of recessives in the Fi-£anuh‘es from 
crosses with recessive plants. It is, therefore, not surprising to find that 
most of the Fi thrum plants derived from their crosses have giv^h Fa#. 
approximating to the lower ratios 3 : 1 and 1:1; that is to say, the 
of the Fi's are of the constitntion Aaaa. 
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To turn to the croseee of green x red stigma (Table II) : it aboald first be 
pointed out that the GT race sprang from diploid races pure for green stigpaaa 
and no red stigma has ever appeared in tins race bred in the dimot line. 
Plants of this race may, therefore, be written GGGG-. It is entirely in 
accordance with this that the Fi’s from crosses of this race with red stigma 
have all proved to be of the type GGgg, giving the ratios 16 : 1 when selfed, 
and 8 : 1 when crossed with the recessive. Heterozygotes of the type G^ 
have, however, been found by selfing green-stigma plants chosen from 
families in which some of the plants had red stigmas. Ten such plants 
have given altogether 99 green stigma, 34 red stigma. 

It will bo noticed that the Fi’s which appear in the green x red-stigma 
crosses also appear in the thrum x pin crosses. The Fi 68^/13 is giving the 
same ratios in respect of each pair of characters, namely, 16 : 1 when selfed, 
and 3 : 1 when crossed by the recessive. But the Fi’s 72/13 are giving 16 : 1 
and 3 : 1 for green and red stigma, and 3 : 1 and 1:1 for thrum and pin. 
Taking the two pairs of characters together, and assuming for the moment 
that there are no special inter-relations between the factors, these would 
give the curious ratios of 45 TG : 16 tG : 3 Tg : 1 tg when the Fi is selfed, 
and 3 : 3 : 1 : 1 when the Fi is crossed by the double recessive (tg). The 
actual numbers obtained are 28TG:4tG:0Tg:0tg in the former case, 
and 22 TG : 25 tG : 2 Tg : 10 tg in the latter. 

In the foregoing results the different kinds of heterozygote stand out 
clearly identified by their progeny, and, although there are considerable 
discrepancies in individual cases, yet the general trend of these results 
clearly shows, I think, that the tetraploid plants are endowed with a double 
set of factors, as compared with the diploid races. 

As has been remarked, the results of experimeuits with the intermediate 
types are in general accord with the idea tliat my existing intermediates are 
heterozygotes of the type Aaaa, in which one “ dose ” of the factor is not 
sufficient for* the full development of the "dominant" oharaoter. Th® 
variationB among the intermediates themselves, which axe probobly of the 
same nature as the variationB exhibited among heterozygotes in oases where 
dominance is imperfect, are, of oourse, still to be explained. It is ourious to 
notice that when there is any marked variation between the organs of the 
same plant it appears generally to take the form of a gradual retrogression 
towarcte the recessive oharaoter in the successively younger and youi^r 
Urgsitts, the of the positive factor being a UtUe less pronounoed in each 
a^<^n formed. 

mnst be remarked that tire iwulte so far obtained do 
of themselves throw any direct light on the problem of the possible 
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relatioiiDlilps between the iaotors and the chromosomeB. tiha laci 

that the daplioation of the chromosomes has been accompanied by a <dv^* 
cation of the series of factors may seem at first sight to surest a definite 
connection between chromosomes and factors, yet, on the other hand, the 
tetraploid number of chromosomes may be nothing more than an index of 
the quadruple nature of the cell as a whole. The case is, in fact, exactly 
analogous to the ordinary zygotic cell, which has 2m chromosomes and in 
which each factor is represented twice But there are grounds for 
believing that further experiment with tetraploid plants may have a 
direct bearing in this connection, for some of the experiments have 
already given an unmistakable indication of the existence of special 
inter-relations (in the form of coupling or repulsion) between certain 
factors in the tetraploid Primulas. The work hos not yet gone far enough 
to permit of any useful statement of the results, but it is obvious that it will 
provide a new opportunity for tlie study of the mutual relations between 
factcurs in heterozygous plants, particularly as to whether or not special 
inter-relations may occur between the two factors of the same kind (t.e. 
between A and A'), and as to whether either of the factors of one kind may 
have relations with either factor of another kind (t.e. A with eitlmr B or B', 
and conversely), or whether the A and B factors form one pair of related 
factors, the Af and B' an independent pair, so that A may have special 
relations with B but none with B', and conversely. 

Part of the expenses of this work have been defrayed by grants from the 
Eoyal Society and from the British Association. I wish also to express my 
great indebtedness to tlie authorities of the John lanes Hortictiltuial 
Institution for the facilities for work and the help they have so freely 
given me. * 
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By Surgeon-General Sir David Bruce, C.B., F.B.S,, AM.S. ; Major A. E. 
Hamerton, D.S.O., and Captain D. P. Watsoh,* E.AM.C.; and lady 
Bruce, E.R.C. (Scientific Coumiasion of the Boyal Society, Nyasaland, 
1912-14.) 

(Received February 24, — ^Bead March 26, 1914.) 

[Platis Sl-23.] 

Introduction. 

In July, 1912, Dr. A. Theiler, C.M.G., Director of Veterinary Research 
(Union of South Africa), Pretoria, sent this Commission several blood 
preparations taken from horses and dogs supposed to be sufifering from 
nagana. Much to the surprise of the Commission, a large percentage of 
these trypanosomes showed posterior-nuclear forms. This disposed of the 
contention that the so-called Trypanosoma rhodeaiense could be distinguished 
from other species of trypanosomes by this peouliarity, and first led the 
Commission to suspect that T. rkodesiense was in reality T. brueei. 

Dr. Theiler was then asked to send the living strain through to the 
Commission in Nyasaland, and this, after several failures, was at last 
successful. 

The history of the strain is as follows : Mr. A W. Sbilston, Veterinary ‘ 
Research Division, Pietermaritzburg, writes that it originated in a mule 
whidi was naturally infected at Somkele in Zululand. A dog was inoculated 
from this mule and brought to the Veterinary Research Laboratory at 
Pietermaritzburg, where sub-inoouiations into a series of animals were made. 
Mr. Shilstou says there is. no possibility of this strain having been mixed 
with any other, as, at the time he was working at it, it was the only species 
of trypanosome maintained at the laboratory. He also states that he— in 
order to prove that he was dealing with a single species of trypanosome and 
not With a mixed infection— infected rabbits with single parasitee, and the 
iwsaitiing iiifeotions showed the same morphological characters as the original 
straih. 

Drom Pietermaritzburg the strain was transferred to Pretoria. Mr. William 
Boi^tson, acting dlreotor during the abemioe on leave of Dr. Theiler, inf orms 

* Major Harvey^ B. AM:.0., resigaed from (he OommiasIoB and left Smo, September 
16, 1913. He wM aoooeeded by Captain Wataon, HAMO., edm arrived Novembers, 
AMA- . 

A' 2q ■ 
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the Commission that the strain Dras kept going in Pretoria in horses and 
cattle, in which animals it produced the typical olinioal symptoms and 
post-mortem lesions associated with nagana, and that it was always regarded 
as a pure uncomplicated strain of T. hmeei. The thanks of the Commission 
are due to Mr. Bobertson for his perseverance in sending inoculated animals 
to their camp at Kasu. Like the Japanese general outside Port Arthur, as 
one batch succumbed he sent on another, until at last he succeeded. 

The exact length of time this trypanosome was kept going at Pretoria 
before being sent to Kasu is not given, but the information has been asked 
for, and will be placed on record as soon as obtained. 

In the opinion of the Commission, the trypanosome dealt with in this 
paper is the same as that discovered by Bruce in Zululand in 1894, and 
named T. brueei by Plimmer and Bradford. Somkele is in the same district 
in Zululand as that in which this species of tTy{)anoBome was first discovered. 

In this paper the old Zululand strain will be called the 1896 strain, that 
being the year in which it was first described; the new strain, the 1913 
strain, the year in which it was received from Pretoria. 

*rhe Zululand trypanosomes were described by Bruce in his original 
paper'* as bseroatozoa which vary among themselves a good deal in size and 
shape. Photographs were also given, which show a distinct dimorphic type. 
In ,a later paperf Bruce gives measurements of 200 trypanosomes taken 
from preparations which had been made in Zululand in 1896, and also gives 
six figures taken from the same source. From these it will be seen that 
the trypanosome dealt with in Zululand in 1896 was a markedly dimorphic 
form, with long and slendm:, intermediate, and short and stumpy formst 
From the above measurements and figures there cannot be the slightest 
shadow of doubt about thia 

In 1896 Bruce sent this trypanosome to England, and it was at once 
placed in the bands of Kanthack, Durham, and Blandford by the Boyal 
Society to be reported on. Their investigation lasted two years, and was 
published in vol. 64 of the ' Proceedings ' of the Bo^-al Society. In regard 
to the sliape of this trypanosome they state that *' the Nagana parasites vary 
considerably both in size and form ; they may be long and pointed or blunt- 
ended and somewhat stouter ; some individuals are short and thick, with a 
short fiagellum, their protoplasm being crowded with rounded granules” 
No one who reads Bruce’s ‘ Progress Beport * and compares it with Kanthack, 
Durham, and Blandford’s 1898 report can doubt that the same trypanosome 
was being dealt with. This trypanosome was distinctly dimorphic. 

Farther Report on the Tietafrtfiy DiseoM, or Hagaiu, In Kololaad,’ 1686. 
t ' Roy. 8oc, Proft,’ B, vol 8», p. » (WlOX 
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Strain of T: bnioei /rom ZvlulanA. 

About this time (1898) the trypanosome was handed over to Bradford at 
the Brown Institute and named T. hructi in a paper written in 1899*^ 

That the trypanosome named by Plimmer and Bradfoid was the same as 
that sent to Kanthack, Barham, and Blandford in 1896 there can be no 
reasonable doubt. There was no other species of pathogenic trypanosome 
in any English laboratory at the time, witli the exception, perhaps, of 
T. levmi, with which there could be no confusion. 

Now, having shown that the original Zululand strain was a well-marked 
dimorphic tyi>e of trypanosome, let us see how it compares with the 1913 
strain. 

Mr. Shilston kindly sent the Commission a description of this strain made 
immediately after it had come from Zululand. He states that in the living 
condition the variation in size and shape of the organism can be observed, 
the long, slender flagellated forms being readily distinguished from the short, 
stumpy forms, while all gradations between these two can be found ; that 
the circular vacuole close to the micronucleus is very distinct ; and that, 
although the organisms are actively motile, their progression is not rapid 
and frequently they simply travel in a small circle* * 


Chart 1.— Curve repreaeutiQg the Distribution, by Perc«nUg«s, in respect to l^ength, of 
400 Individuale of T. hrmm^ Zululand Strain, 1913 (Shilston’s measurements). 



« A Preliminary Note on the Morphology and Distribution of the Organism found 
in the teetee-fly IHseasa/’ H. G. Plimmer mi J, Bose Bradford, *Boy* Soc, Proa,* 


2 0 2 
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Mr. Shilston also made a large number of meaaurements of this strain. 
One of his charts gives the percentages in respect to length of 400 trypaho- 
Bomra occurring in the mule, dog, and guinea-pig, the ineasuremebts 
being made at varying periods of the disease. This chart is reproduced on 
p. 496. 

In a previous paper* a curve will be found representing the percentages 
in respect to length of 200 individuals of the original strain of T, brucd, 
measured from old Zululand preparations which had been made in 1696 and 
were still extant, ihe numbers making up these two curves are doubtless 
small, but they are fairly comparable. 

CBxaT a.— Curve representing the DUtribuUon, by Percentages, in respect to Length, of 
800 Individuals of T. bruott, Zululand Strain, 1806. 



Kow although too much weight must not be plaoed on this oomparison, 
still it must be confessed that the two curves are remarkably alike, and 
afford a strong argument that Shilston recovered from the Somkele district 
of Zululand the same species of trypanosome which had been (fisoovered 
there in 1894. Again, when the action of these two strains on variouis 
animals is compared, the same likeness is seen. 

Bruce’s 1896 strain killed two horses in 30 and 49 days-f ShUsttm’s 

* Boy. Soo. Proo.,’ B, voL 83 (1810). 

t ‘ Further Beport on the TMtae^fly Disease, or Kegsoa, in Zulnlsnd,' 1396. 
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1913 Btrain killed one horse in 35 days. The former strain killed five dogs 
in an average of 21 ^ys, the latter four dogs in an average of 19 days. 

Taking these various arguments into consideration, it may be assumed that 
the strain of trypanosome which forms the subject of this paper belongs to 
the species T. hruod, a well-marked dimorphic type of trypanosome. 

The object of this paper is to describe as fully as possible the morphology 
of this new strain of T, brucei from Zululaiid, in order to try to prove its 
identity with the trypanosome causing disease in man in Northern and 
Southern Rhodesia, Nyasaland, and German and Portuguese East Africa. 
The importance of this cannot be overrated. It has been the habit in the 
past to consider T, hrucei harmless to man, but if the above conjecture proves 
to be true, then all Olomna morsitans areas where wild game and T, brucei 
oo*exist must be looked upon as dangerous. Evidence is accumulating 
that this is so. Recently two Europeans have fallen victims to the tsetse- 
fly disease in the Sebungwe district in Southern Rhodesia, a remote, savage, 
unfrequented spot swarming with game and 0, morsitam. This year also — 
1913 — as bad been anticipated, several cases have been found in the Nyasaland 
fly-areas to the north and south of tbo ‘‘ Proclaimed Area/* one case occurring 
in a native villi^e within a few miles of Zomba, the official capital. 

In future papers, the Susceptibility of Animals to this Strain, its Develop- 
ment in (?. morsUans, Sera Reactions and Cross Inoculation Experiments will 
be dealt with. 

I. Mokphology of T. brucei, Zulu land SntAm, 1913, 

A. Living, Unstained. 

In the living and unstained preparations the dimorphic characteristics of 
this species can be readily made out. The i)arasites are actively rdotile but 
with restricted translatory movement. 

B. IHxed and Stained, 

The blood films were fixed, stained and measured as previously described 
in the * Proceedings.** 

Length — ^Tbe following table gives the length of this trypanosome as found 
in the monkey, dog, guinea-pig and rat, 1000 trypanosomes in all. 


^ B> vol. ei pp, 16 and 1*7 (1909). 
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Table I.— MeaBurementB of the Length of T. brueei, Zaloland, 1918.' 
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Method of 
fixing. 


Mofchod of 
staining . 


MonJkoy ...... Otmic acid Giemsa 
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1 
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length. 
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let^h. 

87*0 

16*0 ’ 

29 ‘0 
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28 
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The average length of T. brucei, Znluland straia, 1913, in the monhey, dog, 
gninea-pig, and rat, taken from Table I, is as follows : — ■ 


Table II. — Average Length of T. Immi, Znluland Strain, 1913. 



Number of 


In miorons. 

1 

Species of ammei. 

trypanosomes 


Maximum 

Minimum 

measured. 

Average 



length. 

length. 

length. 

Monkey 

160 

21 ‘2 

81*0 

12 *0 

Dog 

Guinea-pig 

260 

21*6 

82*0 

16 i) 

80 

22 *9 

85*0 

17 *0 

Bat 

600 

20*8 

28 *0 

17*0 


The above table shows that a good deal of difference in growth takes place 
in different animals. Compare, for example, the guinea-pig with the rat : the 
fomier with a maximum of 35 microns, the latter with a maximum of only 
28 microns. 

The next table gives in detail the distribution in respect to length of 
1000 trypanosomes. The Commission feel hardly justified in taking up space 
for this purpose, but it is thought that perhaps in some unknown way these 
figures may be of use to the statistician. 

Obxrt 3. — Ourvs representing the Distribution, by Percentages, in respect to Length, of 
1000 Individuals of T. bruoei, Zululand Strain, 1913. 



T^is curve is loade up of measurements from 160 specimens of trypanosomes 
tidseh from the moiikey, 260 from the dog, 80 from the guinea-pig, and 600 




Table III. — Distribution in respect to Length of 500 Individuals of T. hrucei^ Zululand Strain, 1913. 
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from the rat. It is very similar to some of the carves taken from ^ 
Nyasaland, human strain :* compaie Strains II and Y. But, on the other 
hand, it is very unlike some of the others, as for example Strains I and II. 

Ohakt 4. — Curve repreeenting the Distribution) by Percentages) in respect to Lengthy of 
500 Individuals of T, brmei, Zululand Strain, 1913, taken on nine consecutive days 
from Bat 1929. 



This is rather a peculiar curve, but is not unlike curves obtained in a 
similar way from the trypanosome causing disease in man in Nyasaland, as 
the following chart will show-: — 


♦ ‘ Boy. Soo. Broc.,’ B, roL 8 «, pp. SSa-408. 
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Strain of T. hraxm from Zuhdand, 


CiteuiiT r«pre«eatii)g the I>i«lributioii, by Fercent«^«8, in ranpaot to liOiif tbt of 

500 IndividuaU of tho Trypanosome causing Disease in SdUn in Kyaaaland, taken on 
nine consecutive days from Bat 2300, 



The Zululand strain, 1913, hag been carried on in horses and cattle for 
some time in the laboratory at Pretoria, and may have varied somewhat in 
morphology under these artificial conditions. It will be interesting to see 
what change, if any, is induced by passage through (f, imrsitam. The three 
following curves represent first, second and third passages : — 


Chaet e. — Curve representing the Distribution, by Percentages, in respect to Length, of 
500 Individuals of T. Zululand Strain, lOlS*, after first passage through 

(J, morsUanSf taken on nine consecutive days from Rat 2006. 
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From this curve it will be seen that three paesages through 0. moraitcm 
has had little or no effeot in changing the character of this trypanosome as 
regards distribution of length. It has usually been thought that a trypano- 
some kept under laboratory conditions, and without the opportunity of 
I passage through its invertebrate host, the tsetse fly, would tend to change 
in morphology. These curves, on the other hand, show that a trypanosome, 
after passage through horses and cattle for some years — exact time unknown 
-—is unchanged by three passages through its invertebrate host, G. moraitana. 


Table IV, — Distribution in respect to Length of 500 Individuals of T. hrucai, 
Zululand Strain, 1913, after first passage through G. moraitana. 
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Table V. — ^Distribution inrespeetto Length of 500 InOividuAls of T.lmxMf, 
Zululand Strain, 1913, after second passage through G. mortitana. 
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19. 

20. 

21. 

82. 

23. 

24. 

25. 

26. 

27. 

Bat 



_ 

_ 

1 

a 


6 

4 

2 

8 

2 

1 

_ 


21 -1 


— 

— 

— 


2 


4 

8 

8 

1 

4 

2 

. — 

1 

— 



— 

— 

— 

— 

X 

2 

2 

8 

2 

1 

2 

4 

1 

2 

— 

21-7 


.... 






1 

8 

4 

5 

4 

2 

1 






18*2 


— 

— 

— 

— 

2 

2 

9 

8 

8 

1 


— 

— 

— 

— 

12 «8 


— 

— 

1 

— 

8 

2 

5 

5 

4 



— 


— , 


19-0 


— 

— 

1 

8 

4 

— 

5 

1 

2 

1 

1 

1 

1 


— 

12 *1 

,, 

— 

— 

1 


5 

2 

2 

4 

4 

1 

— 


— 

— 

1 

12*8 



— 


2 

..... 

2 

5 

8 

2 

4 

2 

— 

... 

— 


12-2 


— 

— 

— 

2 

1 

3 

a 

6 

8 

.... 

2 

1 

— 

— 

— 

12*6 


, — 


1 


2 

8 

6 

5 

8 

— . 

— 



— 

1 

1914 





1 

8 

4 

1 

3 

4 

2 

1 

— 

— 

1 


12*7 

9) j 

— 

2 

1 

8 

4 

3 

2 

2 

2 

1 

— 

— 

— 

.... 


17 *7 


1 

— 


1 

2 

4 

6 

8 

. — 

— 

8 

— 



— 

18*2 

II 1 



1 

1 

6 

6 

8 

8 

— 

— 

1 

— 

— 

— 

— 

18 *1 



— 

— 

2 

8 

5 

2 

8 

1 

2 

1 

1 

— 

— 

...... 

12*1 



— 

— : 

: 

2 

1 1 

7 

ft 

4 

1 


— 


. — 


12*5 


— ' 


— . ^ 

.... 

4 

8 

4 

4 

8 

— 

1 

1 

— 

— 

— 

12*4 



1 — 

1 ' 

1 i 

8 

8 

8 

2 

5 

1 

1 


— 



12*1 


— 

1 ««. 

1 

.... ^ 

— 

2 

6 

5 

— 

6 

1 

— 


— 

— . 

20*0 




...... 

1 


1 

7 

5 

8 

1 

1 

2 

— 


— 

20^8 



1 ^ 


— 

1 

2 

4 

5 

2 

2 

2 

Si 

— 


— 

20*4 


— 

: — 

— 

— 

2 

2 

2 

1 

4 

5 

8 


1 


— 

20*8 



! — 

: . — 

' .... 

1 

8 

2 

2 

8 

8 

1 


1 


— 

81*1 

>J • • ‘ * 



' 1 

1 

1 

•*- 

7 

6 

8 


**“ 

2 



— 


12*8 

Total 

1 1 

2 1 

6 

17 

58 

66 

97 

88 

67 ! 

1 i 

87 

88 

20 

5 

4 

a 

' 

Pemntages ... 

0 -aj 

0-4j 

i-ej 

8*4 

10-6 

18 -2 

19-4 

1 1 

w-o 

1 

18 -4 

7*4 

0-6 

1 

4*0 

10 

0‘8 

0-4 
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'[^le YL — Bisfcribution in respect to Length of 600 Individuals of T. bntcei, 
Zuioland Strain, 1913, after third passage through momiatu. 


Animal. 

In microns. 

Averaga 

length. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

28. 

24. 

25. 

26. 

27. 

28. 

29. 

Sftt 



1 

2 

3 

2 

5 

4 

2 

1 


_■ 

_ 


21 *6 





8 

1 

8 

6 

8 

— 

2 

8 





— 

21 *8 

** 



1 

1 

— 

3 

6 

8 

4 

— 

2 

— 

— 

— 

— 

21 *4 




— 

2 

1 

2 

6 

1 

4 

2 


1 


1 

— 

21*8 




— 

1 

1 

1 

8 

8 

6 

4 

2 

— 

— 

— 

— 

22 *8 




— 

2 

2 

a 

2 

2 

3 

2 

— 

1 

1 


— 

21 *5 

* 




3 

5 

8 

2 

1 

1 

— 

— 

— 

— . 


20*8 

' ** 



1 

1 

4 

6 

2 

8 

2 

1 

1 





ao"? 



1 

1 

8 

2 

7 

3 

1 

1 

— 

— 

— 

X 

— 

21*0 




2 

— 

3 

4 

1 

6 

4 

1 

— 

— 

— 

— 

— 

20*8 




— 

a 

3 

6 

4 

2 

2 

2 

— 

— 

— 

— 

— 

ao'S 

w 



— 

1 

1 

8 

4 

2 

5 

2 

1 

1 

— 


— 

21*9 

i ** 



— 

i 

4 

2 

1 

1 

2 

8 

5 

1 




— 

22 *8 


1 



8 

3 

8 

— 

4 

8 

— 

1 

1 

— 

1 

— 

21*1 




— . 

1 

2 

2 

1 

8 

1 

3 

1 

— 

— 

— 

1 

22*1 




2 

1 

1 

7 

8 

2 

2 

1 

1 

— 

— 

— 

— 

20*6 






2 

2 

4 

6 

8 

1 

— 

1 

— 

1 

— 

— , 

21*0 



— 

a 

3 

8 

1 

1 

«... 

2 

— 

1 


X 

— 

20*8 




1 

1 

5 

4 

1 

2 

1 

2 

2 

1 

— 


— 

21 *1 



1 

a 

3 

2 

4 

8 

3 

1 

— 

— 

j 

— 

— 

20*6 

i! 

.... 

1 

4 

8 

6 

2 

1 

2 

— 

2 

— 

1 

— 

— 

20*8 





8 

X 

6 

4 

4 

— 

2 

— 

— 


1 

— 

21 *0 



2 

X 

1 

5 

2 

4 

2 

1 

1 

1 

I 


. 

21 a 

to 


2 

8 

8 

1 

4 

4 

1 

2 


— 

1 — 


— 

20*4 

ft * • 

— 

— 

1 

3 

6 

6 

1 

1 

2 

““ 

1 

1 

1 

“** 1 


20*9 

ToW 

X 

U 

41 

68 

1 96 

84 

72 

54 

89 

24 

9 

2 

6 ^ 

X 


Feroentagae 

o-a 

2*8 

jd*2 

11 ’6 

19 -2 

16 -8 

14*4 

10*8 

7*8 

4*8 

1*8 

0*4 

1*0 

0*2 
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O^ABT O.'^-^arve repreie&tinff th« Dktributioiv by Feroeiit»ge«, in reapect to IioDgtb, If 
IKXX) Indivtdtxius of T. orvicd^ Zcduland Strain, 1913, taken on nine oonaeouti^ 
days from EaU 1889^ SOOa, 9238, and 2406. 



As Shilston's mxile was in all probability infected from the wild game of 
the ’Sorakele district, in Zululand, it will be interesting to compare this curve 
with that of the trypanosome causing disease in man, taken from the wUd 


game in Nyosaland. 

Chart 10.— Curve repreaentinn the Distribution, by Percentages, in respect to Length, of 
2500 In^viduals of the Trypanosome causing Disease in Man in Nyasalana, the 
Wild'game Strain, taken on nine consecutive days from Bats 847, 1280, 992, 849, 
and 1022. 



Strain of T, bi'uoei from Zulidand. 50ft 

t^le VII.— Percentage of Posterior-Nuclear Forms found among the Short 


and Stumpy Varieties of T. brucei, Zululaud Strain, 1913. 


Date. 


Animal, 

Percentage among short 
and stumpy forms. 

1912. 

June 22 

1 

Horn 

80 

„ 25 

11 

65 

June 21 

1018. 

Feb. 8 

I 

II 

1828 

I>og 

Kat 

5 

Nil 

1 


1828 

87 

68 

;! 10 

1828 


j ' 11 

1828 

»» 

86 

32 1 

„ 12 

1828 


„ 18 

1828 


17 1 

54 

” 14 

1828 


” 16 

1828 


ww i 

45 

j ” 16 

1628 

** 

20 

„ 17 

1828 


17 

10 

Mar. 24 

2006 


» 2ft 

„ 26 

2006 

2006 

M 

64 

41 

„ 27 

2006 

.. 1 

18 

88 

,, 28 

2006 


„ 29 

2006 

»> 

i 32 

I Apr, 1 1 

2006 


69 

i llf£r. 2 i 

2006 


74 

63 

74 

Nil 

42 

20 

86 

16 

29 

48 

62 

49 

61 

5 


2006 

»» 

” 7 

2006 

»» 

Ju)V 21 

2288 

t* 

„ 22 

2288 

>) 

„ 28 

2288 

>1 

.. W 

„ 88 

2288 

2288 

♦* 

„ 28 

2288 


„ 27 

2288 

>* 

„ 28 

2288 

t* 

„ 29 

2288 


„ 80 

2288 



I 

Mouse 

1 





Aveniffe 

87 *8 

..... - . 
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These two curves are undoubtedly much alike, and as the wild-game strain 
in Nyasaland is supposed to be identical with the human strain, then it 
might be said that T. brum, Zululand strain, 1913, is also identic^ with the 
trypanosome causing disease in man in Nyasaland. Others will say that the 
Zululand trypanosome and the Nyasaland wild-game strain are both T. brucei, 
but that this does not prove that T, brucei is identical with the human strain! 
No, but if it is shown that T. brucei, Zululand, is absolutely identical in 
morphology witli this Nyasaland human strain, that it also has exactly the 
same disease-producbg power on the various experimental this will 

von. ixzxm-r-B. fi » 
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go a good, long way to make tbe ordinary nnprejtidieed manetHiiry ot 
bimaetf too carelessly to the so^alled harmless nligBba, s^Kiili may aa^ 
him as a rule, bat there may come a time when — bis resietaime being lowered 
either by fatigue, or some other cause — the trypanosome may gain a footing 
and then his belief in the written word of the text^book will receive a mde 
shook. 

Breadth , — The long and slender average 2‘76 microns in breadth, tile 
intermediate 3 '25, and the short and stumpy 3*53. This measotement was 
made across the broadest part of the trypanosome and inolndes the 
undulating membrane. Most previous measurements of breadth have not 
included this. 

In r^ard to the shape of this trypanosome, contents of cell, nuclens 
micronucleus, undulating membrane, and flagellum, it is not proposed to 
describe these characters separately for this strain as was done in the case of 
the trypanosome causing disease in man in Nyasaland. Suflioe it to say that, 
after the most careful comparison, no difference whatever can be made out in 
the morphology of the two trypanosomes. At the end of this paper three 
plates are given, one representing the short and stumpy, another the inter- 
mediate, and a third the long and slender forms. If these plates are 
compared with those given in previous papers* it will be seen that in 
morphol<^ the Nyasaland and Zululand trypanosomes are identical 

Conclusions. 

1. The trypanosome described in this paper under the name of the 
" Zululand strain, 1913,” is the same species as that disooveied by Bruce in 
Zululand in 1894 ; reported on by Kanthack, Durham and Blandford in 
1898 ; and named T. bruoti by Plimmer and Bradford in 1899. 

2. As regards its morphology, this trypanosome is absolutely identical with 
the trypanosome causing disease in man in Nyasaland, the T. rhoAmenu of 
Stephens and Fantham. 

DESCBIPTION OF PLATER 
Plats 21, 

TrypanoKma hmeeit Zululand itr^, 181S, abort and stumpy foma. x 2000. 

Plat* 22. 

TryjKmotoma hntwif Zululand strain, 1913, intermediate forme. k20iOO. 

PLAtn 23. 

Trypemotoma brwd, Zululand strsin, 1913, long and abrnder torma. MdOOOt 
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Description of a Strain of Trypanosoma brucei from Zululand* 
Part II . — Sxisceptibility of Animals. 

By Svirgeon-General Sir Davii) BRacK» C.B., A,M.8. ; Major A, E. 

Hamjcuton, D.S.O., and Captain D. P. Watson, 1LA.M.C. ; and Lady 
Buuoe, R.R.C. (Scientific Commission of the Royal Society, Nyasaland 
1912--14.) 


(Received February 24, — Read March 26, 1914.) 

Intkoduction. 

In the foregoing paper the morphology of this trypanosome was descrit)ed, 
and the couclusion arrived at that it is identical, as regards shape, size and 
general appearance, with the trypanosome causing disease in man in 
Nyusaland, the TTyjyanosovm rhodesierm of Stephens and Fantham. 

This paper describes the action on aninialB of the Zululand trypanosome, 
and it is compared in this regard with the Nyasaland species. 

Susceptibility of Animals to T. ButicEt, Zululand Strain, 1913. 


Table I. 


Diite. 

No. of 
expt. 

Source of virus. 

1 Incubation, 

1 in days. 

Duration, 
in days.* 

KemarkB. 

1895. 

87 

Dog 4 

Horse. 

3 

35 

” Very old animal j typical 

Sept. 27... 

SIS 

Natural iufection 

p 

30 

Nagana/' — Shileton. 
Zululand, 1806, Bruce. 

29... 

285 

>» M 

! 6 

49 

If f> f# 

1013. 1 

22 ; 

Average 

Dofl 4 

j _ 

Ox. 

6 

38 -0 

Still all re after BOdaye.”^ — 
ShiUton. 

Never »howed trypanoBomee. 

Feb. IS,,. 

1013 * 

Rat 1839 




„ 18.. 

1914 

„ 1889 

37 

— 

Still alive after 816 days. 

„ 18... 

1016 

„ 1839 

86 

310 

Died of T. ftniret. 

July 22,.. 

2304 

Dog 2281 

— 

— 

Never showed trypanosomes. 

„ 23... 

2805 

2281 

— 

— 

n ft 

„ 22... 

280t$ 

„ 2281 

— 

— 

is « 



Dog 4 .j 

Sheep. 

12 I 


** Still alive after 90 days.'* — 

. i 

1 j 

1 

1 

Shilston. 


♦ Duration inoludoi the days of inaubafeion j it dates from day of infootiom 

2 K 2 
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Table I — mdvmed. 


Date. 

No. of 
expi. 

Source of Tirue. 

Inoubation, 
in days. 

Bnratiou, 
in days.* 

Bemarks. 




Goat. 




Feb. 12... 

1887 

Rata 1832 aud 1888 ... 

— 

— 

Never showed trypanosomes. 

» 12... 

1888 

,, 1882 and 1888 ... 


— 

« 

» 


1839 

„ 1882 and 1888 ... 

16 

109 

Bied of T. 5nwe». 

» 12- 

1801 

1882 and 1888 ... 

— 

— 

Never showed trypanosomes. 

Mmt. 16... 

1890 

0uinea*pigs 1640 aud 

12 

46 

Bied of bruoei. 



1848 





July 16... 

2290 

Dog 2264 

86 

39 


It 

„ 16... 

2291 

.. 2264 

86 

316 

a 

>» 



Average 

22 -2 

77 '2 






Monkey. 




Feb. 3... 

1838 

Rabbit 1880 

7 


Bied of JT. hrucei. 

8... 

1834 

„ 1880 

7 

16 

*1 


„ 8..^ 

1836 

„ 1880 

7 

14 

»* 


„ 8... 

1886 

„ 1880 

7 

49 

»» 

♦» 

„ 8... 

1887 

„ 1880 

7 

16 

t# 

M 

„ 17... 

1070 

Laboratory-bred flies... 

— 

17 

»» 


July 16... 

2292 

Bog 2254 

6 

60 


)> 

„ 16... 

2298 

2264 

6 

66 


>1 



Arerag© 

6*4 

29 -2 






Dog. 




Feb. 14... 

1904 

Monkey 1836 i 

6 

26 

Bied of 7\ hntcei. 

o u... 

1906 ; 

„ 1886 1 

6 

17 

a 

»» 

« 14... 

1906 ! 

„ 1886 ; 

10 

18 


»» 

2, 14... 

1907 ! 

„ 1886 

6 

23 

>» 

»» 

,, 14... 

1908 

„ 1886 ■ 

a 

21 

»» 


April 1... 

2047 

Bat 2027 

6 

16 


11 

„ 1... 

2048 

„ 2027 

6 

20 


11 

» 1... 

2049 

„ 2027 1 

6 

14 

>1 

It 

„ 1... 

2060 

„ 2027 1 

6 

17 


»* 

1... 

2061 


a 

20 


tl 

22... 

2104 

„ 3066 : 

6 

17 . 


11 

June 34... 

2240 

Ouinea-plg 2225 

7 

12 

ft 

l> 

July 3... 

2264 

Laboratory-bred flies . . . 

P 

17 


I* 

n 9.,J 

2281 

Gninea-pig 2225 ......j 

5 

20 

ft 

»> 

» 16.. i 

2294 

Bog 2254 

6 

19 

»l 

>1 

» 16... 

2296 

„ 2284 , 

6 

22 

ft 

If 

Aug. n... 

2861 

Wild flies 1 

P 

16 

tf 

1) 


1 i 

1 i 

Average , 

6*1 

18 '6 






ll&bbit. 




— 

145 

Bogl 

...» 

38 

Shileton. 


— 

146 

„ 1 

■ — 

89 




160 

2 

— 

81 

31 




167 

Bat 44 

18 

84 



— 

i 158 

Horse 87 

8 

27 

M 


— 

1 166 

Rabbit 168 

5 

27 

>» 


Jaa. 18... 

1897 

Pretoria strain 

? 

86 

1 Died of r. ireeei. 

.. If... 

1830 

t* » 

P 

86 

tt 

>» 


t 

1 

Average 

7*0 

8»*7 




* Duration Includds the dajt of ineuMion} it dates from day of infection. 
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Table I — cantmued. 


"■ 

IHte. 

No. of 
expt. 

Source of Tiros. 

Inottbationi 
in days. 

Buration 
in days.^ 

Eeinarks. 



Guinea-pig. 




Feb. 8... 

1840 

Bebbit 1830 

81 

60 

Died of r. brueei. 

» 8.. 

1841 

y, 1830 

85 

60 

II 

.. 

1, 8.,. 

1842 

„ 1880 

— 

— 

Nerer showed trypanosomec. 

„ 8... 

1843 

„ 1830 

21 

59 

Died of T, brueei* 

M 8... 

1844 

y, 1830 

14 

87 

»i 

.. 

,, 18... 

1896 

Preboiia strain 

— 

— 

Neyer showed trypanosomes. 

„ 18... 

1806 


— 

— 

11 

» 

Mar. 28... 

1842 

Monkey 1970 

10 

27 

Keinjeotedf died ox T, orweet. 

„ 28... 

1895 

„ 1970 

20 

46 

it 

11 II 

„ 28... 

1896 

„ 1970 

20 

30 

II 

>1 11 

May 18... 

2186 

„ 1970 

— 

— 

Never showed trypanosomes. 

29... 

2136 

„ 1970 

4 

15 

Keinjected 

died of r. orwen. 

Juno 18... 

2225 

„ 1970 

8 

.34 

Died of T. brucei. 

July 16... 

2298 

Hog 2264 

47 

89 

It 

•• 



Arerage 

20-6 

43 7 






Eat. 




Feb. 2... 

1828 

Babbit 1830 

8 

19 

Died of T. brucei. 

» 2... 

1829 

„ 1880 

6 

68 

)» 

ii 

8... 

1882 

„ mo 

7 

46 

II 

II 

» 8... 

1838 

„ 1880 

10 

13 

II 

11 

It 8... 

1889 

, 1830 

7 

22 

M 

II 

It 14... 

1902 

„ 1897 

17 

31 

II 

)i 

„ 26... 

1960 

0uinea-pig 1844 

8 

28 

II 

II 

Har. 16... 

1993 

Kat 1882 

5 

18 

A 

» 

It 16... 

1984 

„ 1832 

5 

10 

II 

II 

It 16... 

1996 

,, 1882_ 

5 

80 

II 

II 

ei 19... 

2006 

Monkey 19/0 

6 

24 

II 

II 

April 4... 

2066 

„ 1886 

7 

80 

II 

II 

„ 11... 

2078 

Bat 2066 

4 

17 

If 

II 

Kay 13... 

2136 

Monkey 1970 

6 

83 

II 

II 

18... 

2187 

Ooat 1889 

6 

18 



f} 

,1 18... 

2188 

„ 1889 

6 

17 

ti 

•1 

„ 29... 

2196 

Bat 2185 

11 

26 

II 

It 

July 16... 

2288 

Dog 2254 

5 

88 

II 

II 

,1 16... 

2289 

„ 2264 

5 

44 

II 


Sept. 2... 

2406 

„ 2861 

6 

24 

II 

II 

16... 

2412 

Bat 2406 

6 

84 

ji 

» 

Cot. 20... 

2428 

» 2412. 

8 

89 

11 

11 

Kov. 28... 

2442 

„ 2481 

4 

16 

II 

II 



ATerage 

6-8 

1 

27-0 




* DoTfttioa itu?ludet the d»y» of incubation } it dates from day of infection. 


Mease set up in Various Animals by T. brucei, Zululand Strain, 1913. 

Morse , — The Commission had no opportunity of studying this strain in the 
borse, but Mr. Shilston states that one horse inoculated by him at Pieter* 
maritzbuig died in 36 days with typical symptoms of Nagana. 

Oi).-»Six oxen were inoculated, but only two of tfaeee at any time showed 
trypanosomes in their blood. One of these died after- 310 days, while the 
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other is still alive at the end of a year. This animal has evidently recovered, 
as it appears sleek and healthy. The action of tibe Znlqland strain is 
therefoie tibe same as that of the trypanosome causing disease in man in 
Nyasaland : neither of them show any marked power of producing serious 
disease in cattle. 

Goat . — Seven goats were inoculated with this strain. Four died, on an 
average, in 77'2 days (46 to 116). The remaining three proved refractory. No 
oedema of face or comeal opacity was noted in any of the goats. The 
Zululand strain seems to have less action on goats than the Nyasaland 
trypanosome, but the number of experiments is small In the latter the 
duration of the disease was 41 '8 days (19 to 72). 

SKte/p , — ^No experiments were made with these animals in Nyasaland as it 
was found impossible to procure them from the natives. 

Monkey . — Eight monkeys died, on an average, in 29*2 days (8 to 65). The 
trypanosomes were always present in the blood, sometimes in enormous 
numbers. In no case was oedema of the face or corneal opacity noted. After 
death, enlargement of the spleen and liver, gelatinous infiltration at the base 
of the heart, and hemorrhages in the epioardium were found. 

Dog . — Seventeen dogs were inoculated. All died, on an average, in 
18*6 days (12 to 26). In eight dogs blindness caused by opacity of the 
cornea was a prominent symptom, and in two swellings of the limbs were 
observed. 

EaXbU . — As only two rabbits were available at Kasu, six experiments 
reported by Mr. Shilston are added. Eight rabbits died, on an average, in 
32*7 days (27 to 39). The course of the disease in the Easu rabbits was the 
same as that described in a former paper* as being typical of Nagana. 

Quinea-gpig . — This animal is less affected by the disease than the rabbit 
Ten were used ; sU took the disease and died, but four required to be 
inoculated more than once. They died, on an aven^, in 43*7 days 
(15 to 89). No prominent symptoms, such as are seen in the rabbit, occur 
in the guinea-pig. 

JBflwf. — Twenty-three were inoculated and died, on an average, in 27 days 
(10 to 58), with their blood swarming with trypanosomes and their spleens 
enormously enlarged. 


* “ The TrypanoMme catuing DiseaM in Matt in Nyasaland.— Suaeqttibiliiy of diiimals 
0 the Human Strain,’’ ' Boy. Son Proa,’ B, vol 67 (1919). 
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Table II. — The Average Duration, in Days, of the Disease in Various Animals 
caused by T. bmcei, Zululand Strain, 1918. 



Horse. 

Ox. 

GtMkt. 

Monkey. 

Dog. 

Babbit. 

Guinea-pig. 


4 ^ 611^6 dumtion, 
in £.^6 

88 

810 

77 

29 

18 

38 

44 

27 

Number of aninuiU 
employed 

3 

1 ' 

1 

7 

8 

17 

8 

10 

28 


Compare this with the following table : — 


Table III. — ^The Average Duration of life, in Days, of Various Animals 
Infected with the Human Strain of the Trypanosome causing Disease in 
Man in Nyasaland. 



Horse. 

Ox. 

Goat and 
sheep. 

Monkey. 

Dog. 

Babbit. 

Guinea- 

pig- 

White rat; 

Average duratioui 
in days 

0 

134 

42 

26 

84 

28 

67 

80 

Number of animals i 
employed 1 

0 

1 

29 

20 

1 

25 

7 

16 

21 


Table IV. — The Percentages of Becoveries in Various Animals Infected with 
T. brucei, Zululand Strain, 1913. 



Horse, 

Ox. 

Goat. 

Monkey. 

I>og. 

Babbit. 

Guinea-pig. 

White rat 

Feroentages 

0 

88 

0 

0 

0 

0 

0 

0 

Number of animals 

1 

8 

6 

4 

8 

17 

8 

10 

23 , 

employed 




1 






Compare this with the following table : — 

Table V. — The Percentages of Becoveries in Various Animals Infected with 
the Trypanosome causing Disease in Man in Nyasaland. 



Horse, 

Ox. 

Goat and 
sheep. 

Monkey. 

Dog. 

Babbit. 

Guinea- 

pig- 

White rat 

Feiue^tages 



0 

0 


n 

0 

0 

Number of apim^ 
employed 


6 

m 

HI 


■ 

16 

21 
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Conclusion. 

The pathogenic action of 3". hmcd^ Zululand strain, 1913, on various 
animals *is so similar, not only in regard to the symptoms during life 
but also in the pod^mortem appearances and rate of mortality, to that of the 
trypanosome causing disease in man in Nyasaland, that it afifords another 
proof that these two trypanosomes are identical. 


The Trypanosome causing Disease in Man in Nyasaland. 
Part III . — Development in Glossina morsitans. 

By Surgeon-General Sir David Bruob, C.B., F.E.S., A.M.S. ; Major A. E, 
Hambrton, D.S.O., and Captain D. F. Watson, RA.M.C. ; and 
Lady Bkuck, II.E.C. (Scientific Commission of the Royal Society, 
Nyasaland, 1912-14) 

(Received March 17, — Read March 26, 1914.) 

[Plate 24.] 

Introduction. 

In previous papers* the morphology of this trypanosome and the suscep- 
tibility of various animals to its pathogenic action iiave been described. In 
this is given an account of its development in Glosmia morsitam* 

In Uganda the study of the development of Trypanosoma gaunbiense in 
G. palpalis was much assisted by the circumstance that large numbers 
of laboratory-bred tsetse flies were available. This was due to the fact 
that the pupss of G. palpcdis could be collected on the lake-shore in prac- 
tically unlimited numbers. It is quite otherwise with (?. morsfUans, It has 
been found impossible to find the pupee of this species in any numbers, so 
tliat all laboratory -bred Q. n wrsitam have had to be hatched out of pupae 
obtained from captive flies, a slow and laborious process. The flies are 
caught some 20 to 30 miles from the laboratory and brought up to Kasu camp 
by a native on a bicycle. This kills a large number of the flies. Moreover, 
the climatic conditions at the camp are not always favourable for breeding 
and hatching out. This was remedied to some extent by establishing a 
breeding station down in the low-oountry, but as this had to be left in the 
thatge of natives the results were not always very aatisfaotory. 

* ‘ Boy. Soc. Froc.,* B, vol. 65 (1912), and B, vols. 86 and 87 (1918). 
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The study of the development of this trypanosome in G\ mordtam has 
therefore been rendered difficult by the small number of laboratory-bred 
tsetse flies which could l)e obtained. Over and above tliat, flies bred from 
captive flies are not so strong and healthy as those hatched out from wild 
pupasL 

An attempt was made to use wild flies by feeding batches of about 20 on 
healthy animals and picking out those cages which did not give rise to 
infection. But this is at best a roundabout and clumsy method^ as it can 
never be certain, although eveiy care is taken, that only clean flies are 
being dealt with, 

ThK DEVEI.OrMKNT OF THK TrYPANOSOMK CAUSING DiSKASK IN MaN IN 
Nyasaland in G. morsitans. 

Eleven experiments were carried out with laboratory-bred flies. Three 
were positive and eight negative. 

Five experiments were also carried out with wild flies, as no laboratory- 
bred flies were available. All were positive. 

Tables 1 and II show these 16 experiments: the number of Hies used ; the 
number of infected flies found on dissection ; and the number of days which 
elapsed l>efore the flies became infective. As each fly died it was dissected 
And the result noted. As will bo seen from Table I, several infected flies 
were found in the negative experiments. This probably means that the 
flies were only infected, not infective. The number of days before a fly 
becomes infective is arrived at by deducting seven days from the number of 
days which elapsed between the first infected feed of the flies and the 


Table I. — Laboratory-bred Flies. 


Bate. 

Expt. 

No. of 
aien 

used. 

Kxpenment 
pOBitivo or 
negative. 

No. of infected 
flies found. 

No. of daye 
before flies 
became infective. 

Temperature 
at wbiob flies 
kept. 

/ 1912. 







May 22 

563 

18 

— 

0 



June 13 

688 

22 


1 



July 15 

879 

S2 

— 

7 



,, 

1008 

28 

+ 

2 

31 

84“ P. (89“ C.) 

Aug. 17 

107a 

27 


8 



Got n 

14S4 

22 

— 

8 



Nov, e ! 

IfiflO 

19 

«. 

0 



h 1P«0. IS 

1686 

24 


2 



^ s 

1710 

80 

■— 

0 



» 30 

1788 

85 

+ 

3 

i 

14 

84"P.(aB“0.) 

I ms. 







Aug, 31 

8406 

80 

+ 

4 

23 

84*F. (39“0.) 
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appearance of trypanosomes in the blood of the experimental animal* Seven 
days is put down as the average number of days between the infection of the 
animal and the appearance of the trypanosomes in its blood— -the incubation 
period. It is probably a day or two shorter* 

The number of flies used iu each experiment was small, due to the difficulty 
of obtaining laboratory-bred flies. They were kept during the experiment in 
the incubator at a temperature of 84® F. (29° C*). 

In Experiment 1723 the number of days which elapsed before the flies 
became infective is only 14. This numter is obtained, as mentioned above, 
by deducting seven days for the incubation period, but this may have been 
a day or two lees. The flies were kept at an evenly warm temperature, which 
would tend materially to shorten the period of development. Still, 14 days 
seems a short time to elapse between the first feed on the infected animal 
and the appearance of an infective fly in the cage. 

Two hundred and eighty-seven laboratory-bred flies were used and 25 
infected flies were found — 8*7 per cent. 


Table IL— Wild Flies, 


Bate. 

£xpt. 

No. of 
flies 
used. 

Experiment 
positive or 
negative. 

No. of infeoted 
flies found. 

No. of days 
before flies 
became infective. 

Temperature 
at which flies 
Itept. 

1912. 
D«o. 11 

1680 

80 

+ 

6 

18 

84“ F. (a9°C.) 

» 18 

1688 

40 1 

+ 

6 i 

8 

84“F.(29'C.) 

» 18 

1706 

46 ; 


7 

1 

84‘“F. ia»°o.) 

1918. 
Jan. 0 

1748 1 

70 I 

+ 

1 

26 

84°F.(2»°0.) 

„ 14 

1729 1 

20 ! 

1 ; 

+ 

1 

30 

84'‘F. (29“C.) 


Experiments 1688 and 1705 are evidently cases of infection by naturally- 
infected wild flies which had escaped detection. They are included in the 
table as they both show invasion of the salivary glands and so help to throw* 
light on the mode of development of this trypanosome iu G. rmrsitaTts. The 
other three pass through an interval of 18, 26, and 30 days before the cages 
became infective. These are probably cases where there was no naturally- 
infected fly in the cage, and these periods therefore represent the usual length 
of time required for the cycle of development of this trypanosome to tj^e 
place in G. morsUam, The wild flies were also kept in the incubator at 
a temperature of 84® F. 

Two hundred and fifty-five flies were used and 23 infected flies were found 
—9 per cent* 
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DetwUa of the Eight Positive EiBperimentt. 

The following table gives the details of the eight positive experiments ; — 

Table III. 


Expt. 

Day ot expt. 

Prooedtmv. 

Remarks. 

1008 

1^2 

Flias fad on infected dog. 

Ti 7 P«jio«omM appmred in 
Uood of Monkey 1028 on 


3 

Starved. 


4-41 

Fed on clean Konkey 1028. 

the 88th day. 

1723 

1-4 

Flies fed on infected dog. 

XWpanoeomes appeared in 
Mood of Monkey 1788 on 


6 

Starred. 


6-22 

Fed on clean Monkey 1733. 

the 2lBt day. 

2m 

1-6 

Flies fed on infected monkey. 

IWpanosomes appeared in 
blood of Monkey 2410 on 


1 

Starved. 


8-32 

Fed on clean Monkey 2410. 

the 80th day. 

1680 

3-2 

Flies fed on infected dog. 

Ti^anosomes appeared in 
blood of Dog 1708 on the 


3 

Starved. 


4-22 

Fed on clean Dog 1708. 

26th day. 

1888 

1-2 

Flies fed on infected monkey. 

Trypanosomes appeared in 


8 

Starved. 

blood of Monkey 1699 on 


4-12 

Fed on clean Monkey 1699. 

the 10th day. 

1706 

1-2 

Flies fed on infected monkey. 

Tiypanosomes appeared in 
blood of Monkey 1707 on 


8 

Starved. 


4-9 

Fed on clean Monkey 1707. 

the 8th day. 

1748 

1-2 

3 

Flies fed on infected monkey. 
Starved. 

Ti^panosonies appeared in 
blood of Monkey 1845 on 


4-80 

Fed on clean Monkey 1845. 

the 82nd day. 

1729 

1-2 

Flies fed on infected dog. 

Tirpanosomes ap^ieared in 
blood of Dog 1767 on the 


3 

Starred. 


4-36 

Fed on clean Dog 1767, 

87th day. 


Omitting Experiments 1688 and 1705, it would appear from the remaining 
six experiments that an average period of 2i days is required to complete the 
oyole of development of the trypanosome causing disease in man in Nyasaland 
in &. vwrtittm, the flies being kept at a temperature of 84° F. 

Detaiia of the Eight Negative Es^riments. 

The followiirg table shows the method of procedure in carrying out the 
eight negfttiTe experiments : — 





520 Sir D. Bruce and others. TtypcmiOgome 


Table IV. 


Expt. 

Pay of expt. 

Procedure. 

Kemarks. ! 

563 

l-S 

■ 

FUe« fed on infeoted monkey. 

All flies negative on dieseo- 


4 

Starved. 

tiun. 


6-52 

Fed on clean Monkey 694. 


668 

1-2 

Flies fed on infected dog. 

One infected fly found on 


8 

Starved. 

the 42nd day. 


4-63 

Fed on clean Pog 099. 


879 

1-2 

Flies fed on infected monkey. 

Seven infected flies found. 


3 

Starved. 



4-32 

Fed on clean Monkey 910. 



8.8-68 

Fed on clean Monkey 1073. 


1072 

1-8 

Flieii fed on infected dog. 

Three infected flics found. 


4 

Starved. 


i 

6-64 

Fed on clean Pog 1148. 


1494 

1-3 1 

1 Flies fed on infected monkey. 

1 Three infected flies found. 


4-6 i 

Starred. 

I 


6-44 ! 

Fed on clean Monkey 1514. 

i 

1560 

1-8 

Flies fed on infected monkey. 

1 All flies negative on disseo. 


4 ! 

Starved. 

tion. 


5-87 

Fed on clean Monkey 1681. 


1688 

1-4 

Flics fed on infected monkey. 

i Two infected flies found. 


5 

Starved. 

1 


G-48 

Fed on clean Monkey 1704. 


1710 

1 

Flies fed on infected dog. 

All flies negative on disseo* 


: a 

Starved, 

tion. 


; 8-47 

1 

Fed on clean Monkey 1718. 

! 

i 


Eksult of the Dissection of the Infected Flies, 

All the flies dying during the progress of these experiments were dissected. 

In the three positive experiments with the laboratory-bred flies nine infected 
flies were found. The following table gives the results of the dissection of 
these nine flies. The second column gives the number of days which elapsed 
between the fly’s first infected feed and its death and dissection. In the 
third column the labial cavity and hypopharynx are included under 
“ Proboscis." At the time these experiments were made no attempt was 
made to distinguish between the two parts, as has been done lately in the case 
of T, siwm* When the proboscis is marked positive, as in Table VI, it may 
be that the trypanosomes are contained in the labial cavity or the hypo- 
pharynx, or both. 

In the development of T, gamhienae in G. palpaiis trypanosomes were wsrat 
* ‘ Roy. Soc. Proo./ B, voL 87, p. (MW). 
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noted a6 ooourring in the proboscis.* In this species they are noted on 
several occasions as occurring in this position, but only in the wild-fly 
experiments, not in the laboratory bred. It seems natural to expect that if 
the salivary glands are swarming with trypanosomes that some of them will 
sometimes appear in the hypopharynx and, moreover, in the wild flies some of 
the infections of the proboscis are no doubt due to T. pecorwm, T. simias or 
T, mprm, all of which develop in the proboscis. 


Table V. — Laboratory-bred Flies. Kesult of the Dissection of the Infected 
Flies found in the Positive Experiments. 


Kxpt. 

Time, 

days. 

Proboecis. 

Pporentri* 

cuius. 

Fore-gut. 

Mid-gut. 

Hind-gut, 

Salivary 

glandfl. 

1008 

83 







1003 

89 

-- 



4 


P 

1728 

30 

— 

+ + 

4 4 

4 4 

4 4 

... 

1728 

1 80 



4 4 

4 4 

4 4 


1728 

i 48 


— 

— 


.... 

.... 

2405 

32 



1 

4 



2405 

38 

— 

4- + 

4- + i 

1 4 4 

4 4 

4 4 

2405 ! 

38 



4 ! 

‘ 4 

4 


2405 

88 


— 

4 

4 

4 

— 


In Experiment 1003, two infected flies were found. The first had only a 
gut infection and, unfortunately, it was found impossible to dissect out the 
salivary glands of the second. Neither had an infection of the proboscis. 

In Experiment 1723, three infected flies were found. The first and st^oud had 
the alimentary tract swarming with flagellates, but none in the salivary glands. 
The third was found on dissection to l)e free from trypanosomes throughout. 
This is curious because this fiy had been isolated in a glass tube as an 
infective fly, and had, when used alone on a rat and rabbit, infected both 
these animals. The fly remained alive in the tube for 13 days, and the only 
explanation that can be given is that in this case the trypanosomes disappeared 
absolutely from the fly some few days before its death. This was the first 
time this had been observed to take place, and it was thought to be a 
remarkable phenomenon and difiioult to credit, until another example of the 
some kind was observed. It must, therefore, be held as probable that an 
infective fly, with presumably both salivary glands and alimentary tract 
swarming with trypanosomes, can lose all these flagellates and become non- 
infeotive. 

In Experiment 2405, four infected flies were found. Three of these were 
inlecitions limited to the gut. The fourth was a good example of a salivary- 

* Ibid, B, vol 88 (IWO). 
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gland infection. The glands were awanuing with tiTpanosomee, utd a portion 
of one of them injected under the akin of Rat 2417 gave nee to infection. 

Table VI.— Wild FHea. Result of the Dissection of the Infected Flies found 


in the Positive Experiments. 


Expt 

Tim0^ 

days. 

Proboscis. 

il^veutri' 

oulut. 

Fore-gufc. 

Mid-gut. 

Hind*gut. 

SaliraTy 

glands. 

1680 

6 




4 


— 

1680 

10 




4 


— 

1680 

82 

+ 

4 4 

4 4 

4 4 

4 4 

4 4 

1680 

32 


— 

4 

4 

4 

— 

1680 

88 


4 4 

4 4 

4 + 

4 4 

— 

1680 

88 


— 


4 


— 

1680 

88 


— 

4 4 

4 4 

4 4 

— 

1680 

83 



4 

4 

— 

— 

1688 

10 




4 


— 

1688 

10 

— 

— 

— 

4 


— 

1688 

11 

— 



4 


— 

1688 

18 

— , 



4 


— 

1688 

16 


4 4 * 

4 4- 

4 4 

4 4 

4 4 

1688 

16 

+ ! 



+ 



1706 

8 

4 

4 

4 

4 


— 

1706 

B 

— 1 

4 1 

4 

4 


— 

1706 

10 

1 .. 


— 

4 


— 

1706 

n 

— ' 

i 

4 




1706 

12 

+ 


4 

4 

4 

4 4 

1706 

26 

1 “ 


4 4 

4 4 

4 4 

4 4 

1706 

83 

**“ 1 

4 

4 4 

4 4 

4 4 

4 4 

1748 

81 



4 4 

4 4 

4 4 

4 4 

1729 

48 

' + 1 

4 

4 

4 

« 

4 

4 4 


In Experiment 1680, eight flies were found to be infected. In seven the 
flagellates were confined to the alimentary tract. The eighth had a well- 
marked invasion of the salivary glands. In this case trypanosomes were also 
seen in the proboscis, but whether in the labial cavity or the hypopharynx is 
not specified. 

In Experiment 1688, six flies were found to contain trypanosomes in the 
alimentary canal In one of these there was also infection of the salivary 
glands, which were crowded with trypanosomes. This fly must have been 
naturally infected when caught, as sutticient time had not elapsed since the 
infected feed to allow of time for development to take place. The flagellates 
contained in the salivary glands injected into Rat 1721 gave rise to infection. 

In Experiment 1705, seven infected flies were found, lliree of these had 
the salivary glands invaded. One of these, the fifth, must also have been a 
naturally-infected wild fly. • 

In Experiment 1748, only one infected fly was found. It had a copioos 
infection of the salivary glands, a portion of which injected into Rat 1852 
gave a positive' result. 
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In th& last Experiment, 1729, there was also only one infected fly found. 
The salivary glands were swarming with trypanosomes. 

The next table gives the result of the dissection of the infected flies found 
in the experiments which remained negative. 

In the negative Experiments 563, 1560, and 1710, none of the flies were 
found to be infected with trypanosomes in any part (see Table I). These 
experiments are therefore omitted from this table. 


Table VII. — Laboratory-bred Flies. Eeault of the Dissection of the Infected 
Flies found in the Negative Experiments. 


Kxpt. 

I'iine* 

daVH. 

■■ 

ProboBoia. 

Proveutri* 

culua. 

Fore- 

gut. 

Mid- 

gut. 

.s = 

I C 

\ >*4 

ProfSto- 

d«uxn. 

Salivary 

gland#. 

668 

42 



+ 

+ 




879 

7 

— 

— 



+ 



879 

8 

— 


+ 

+ + 




879 

» 

— 


+ 

+ 




879 

11 

— 



+ 




879 

24 



+ 

+ 

+ 



879 1 

28 1 



4- + 

' + ' 

f + 



879 

40 

— 

+ + 

+ + 

+ 4- 

+ 


— 

1072 

7 ! 


... 

+ 

i 

+ 



1072 

10 

— i 


+ 


+ 



1072 

88 i 

— 1 

+ + 

+ + 

1 + + 

+ + 



1494 

7 


+ + 


! — 

... 



1404 

17 

_ 1 

1 

+ 

i 



— 

1494 

81 

— 







1686 

8 



+ + 

+ + ! 

+ 1 



1686 

26 

1 


+ 

! + 

t 

+ 


— 


From these negative experiments it will be seen that only in one fly did an 
infection of salivary glands occur. Why this fly did not infect the animal it 
fed on is impossible to say. 


Thk Methods used ik the Examination op the Flies. 

The flies were dissected as described in a previous paper.* As each fly in 
a cage died it was dissected, and the result, as regards the presence of 
trypanosomes in the alimentary tract and salivary glands, recorded. Fixed 
and stained prei>aration8 were then made from the various parts and numerous 
drawings of the various types of trypanosomes encountered were made. The 
method described in a previous paperf of isolating infective flies and inducing 
them to salivate on clean cover-glasses was also made use of. This is a useful, 
simple and practical method, as it demonstrates clearly the type of trypano- 
some thrown out from the tip of the proboscis when the fly feeds. 

* ‘Soy. Soa Proc.,’ B, vol. 83, jx 613 (1811). 

+ Ibid., B, vol. 87, p. 68 (1813). 
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Thb Tkypahosombs Fouku in the Alimentary Traot, 

In thig species of tiypanosome the developmental changes which take plaoe 
in the iritestine of Q. morsitam are similar to those already described as 
oocurriug in the development of T, gamhieTUie in &, palpalia,^ The latter 
development has also been worked out very fully and completely by others*^ 
It is therefore unnecessary here to do more than refer to these previous 
descriptions as being equally applicable to the species under consideration. 

In this species of trypanosome also, as in 1\ gambieim, it is only a small 
percentage of the 6iea fed on an infected animal which become infected. In 
one series of T. gamhiense this was 8 per cent4 In this species the 
experiments with laboratory-bred flies was 8*7 per cent., with wild flies 9 per 
cent. Just as in T, gamhiense, the development takes place in the alimentary 
tract and salivary glands and not in the proboscis. 

, The Trypanosomes Found in the Salivary Glands. 

In the trypanosome causing disease in man in Nyasaland, as in T. ganthienue, 
the crux of the whole matter is the invasion of the salivary glands. After a 
certain number of days — in this species from 14 to 31 — the trypanosomea 
roach the salivary glands and the fly becomes infective. 

Plate 24 figs. 8-28, represent the various sta^s in the development of this 
trypanosome in the salivary glands. Figs. 1 and 2 are trypanosomes from the 
proventricnlus ; these represent the dominant intestinal type, from which the 
salivary-gland types arise. It is still a matter of speculation as to how they 
gain access to the glands, but as described in a former paper, § there is no 
doubt they are often thrown forward into the proboscis during or just in the 
act of feeding, and may, under these conditions, be drawn into the hypo- 
pharynx and so reach their destination. These proventricular forms, however* 
have never been actually seen by the Commission in the hypopharynx. 
Figs. 3-11 are forms found in the salivary glands. Many of these are 
crithidial in type and occur in numbers. Figs. 12-14 are what appear to 
be encysted forms. Figs. 16-21 are ‘'blood forms” and occurred in large 
numbers in the same preparation as the crithidial type shown in flgs, S-'S. 
Figs. 22-28 are *' blood forms which were thrown out on to a cover-glass by* 
a living infective fly. The preparation was beautifully clear, each individual 
trypanosome standing out distinctly. Fig* 23 is from the same preparation 

♦ lbul.y B, vol. as, p. 615 (leii). 

+ Muriel Roberteon, M. A., * Phil. Trami.,* B, vol 808 (1918). 

1 ‘Roy. Soc. iVoc.,* B, vol 83, p. 614 (1911), 

§ /ftirf., B, vol 87, p 66 (1913). 
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flia h$M ^ ii|>pe«^oe of a small bunch or clump of " blood forms in the 
hpt apart. 

Conclusions, 

1. The trypanosome causing disease in man in Kyasaland belongs to the 
same group as T. gamhimfte, the development taking place in the alimentary 
tract and salivary glands, not in the proboscis, of the fly, 

2, The percentage of flies which become i'nfeded is the same as in 
T, gambiense, 8 per cent, 

3. The percentage of flies which become infective is about 1 per cent, 

4, The length of time which elapses before a fly becomes infeotivs varies 
from 14 to 31 days, average 23 days. 

6. The infective type of trypanosome in the salivary glands — corresponding 
to the final stage of the cycle of development — is similar to the short and 
stumpy form found in the blood of the vertebrate host, 

DESCRIPTION OF PLATE. 

Figs. 1-2. — Trypanosomes from proven triculus. These represent the dominant intestinal 
type. ^ 

Figs. d--8.->-Trypanosomes taken from a preparation of the salivary |^M# of an mfeotive 
fly. Many of these are crithidial in type, flgs. !l^|||and 6. 

Figs. 9-16.— Other forma seen in the salivary glands. Figs. 12-14 the appearance 
of being encysted. 

Figs. 10-21. — The fully developed “blood forms.” Without these the fly is non-infective. 
These were drawn from the same preparation as figs. 3-8. 

Figs, 22-26. — Trypanosomes ejected by a living infective (?. morsitam on attempting to 
feed through a cover-glass. Fully developed “blood forms.” s 
Stained Giemaa. x 2000. 
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Description of a Strain of Trypanosoma bruoei /r<w Ziduland. 
Part III . — Development in Glossina morsitans. 

By Surgeon-General Sir David BimoE, C.B., A.M.S. ; Major A. E. 

Hamkhton, D.S.O., and Captain D. P. Watson, E.A.M.C. ; and Lady 
BnocK, E.R.C. (Scientific CominisBion of the Royal Society, Kyasaland, 
1912-14.) 


(Received March 17, — Read March 26, 1914.) 

[Plate 25.] 

INTKODUCTION. 

In previous papers* t!io morphology of this trypanosome and its action on 
animals were describeti. The chief object of this paper is to compare the 
development of this sjx^cies of trypanosome with that of the trypanosome 
causing disease in man in Nyasalaud — the 1\ rhodesierm of Stephens 
and Fantham. The development of the latter has already been described-f 
It will therefore only be necessary here to present the various data in the 
form of tables and figures, which can then be compared with similar tables 
and figures in the previous pai)er. 

The Development of T. brucei, Zoluland Strain, 1913, m G. morsitans. 

Seven experiments were made with laboratory-bred flies. Three of these 
were positive and four negative. Two experiments were also made with 
wild flies, both of which were positive. 


Table I — Laboratory-bred Fliea 


Dato. 

Bapt. 

No. of 
flieH 
used. 

Experiment; 
porifcire or 
negative. 

No. of iiifected 
fliea found. 

No, of days 
before fliea 
becsame infective. 

Temperature 
at which fliea 
kept. 

1918. 







Peb. 11 

1867 

58 


1 



» 17 ; 

1909 

60 

•f ; 

10 

21 


MaT. 11 

1988 

46 

+ ' 

20 

18 

84*1’. (S»* C.) 

M 17 

1990 

66 

... 

4 



April 25 

2111 

60 

— 

8 « 1 



May 26 

2188 

30 


1 



Jane 28 

2188a 

20 

1 

8 

14 

84’F.(a»“0.) 


♦ *Roy. Soc. Proc.,’ thk vol., pp. 493 and 611. 
t Ihid.^ this rol., p. 616. 
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Three hundred and eight flies were used and 47 infected flies were found — 
16’3 per cent 

It is difficult or impossible to explain the difference in the ratio of 
infected flies. Experiment 1857 has only one infected fly in 68; Experi- 
ment 1988, 20 in 46. There is no record as to whether Cage 1867 was kept 
in the incubator or not, but it is to be presumed that it was, as was the 
habit at that date. From Table III it will be seen that the flies in 
Experiment 1988 were fed for eight days on an infected dog, monkey, and 
goat. It is possible that this had something to do with the high rate of 
infection, but it is impossible to say with certainty. The scarcity of 
laboratory-bred flies made it out of the question to pursue this line of 
inquiry. Experiment 2188 has also only one infected fly in 30, but this is 
capable of explanation. Experiments 2188 and 2188a were carried out for 
the sake of economy with the same cage of flies. It having become evident 
(see Table IV) that the flies after their first feeding on an infected rat had 
'failed to infect Monkey 2203, the 20 remaining flies were again fed on an 
infected guinea-pig, with the result that eight of them became infected. 


Table II.— Wild Flies. 


Date. 

Kxpt. 

No. of 

ined. 

Exponment 
positive or 
negative. 

No. of infected 
Sies found. 

No. of days 
before flies 
became infective. 

. 

Temperature 
at which ftiee 
kept. 

1918. 
July 22 j 

2309 

j 

50 

+ 

! 

; 0 

j 

34 

1 

84® P. (29® C.) 

„ 26 

2818 

60 j 

+ 

i 6 1 

I 

24 

84°P. (29°0.) 


In Experiment 2309 none of the flies were dissected, hence no infected 
flies were found. In Exj^eriment 2313, only 21 flies out of 50 were 
dissected. These experiments are tabulated here as they give the number of 
days before the flies became infective, and thus afford data as to the length 
of time the cycle of development runs in the fly. 

Details of the Fim Positive Experiments. 

The following table gives the principal details in the carrying out of the 
five positive experiments. The first three were carried out with laboratory- 
bred flies, the last two with wild flies. 

It would appear from these five experiments that an average period of 
23, days elapses before the cycle of development of T. hrum, Zululand, 1913, 
is complete in 0. morsitam and the fly becomes infective. 


2 s 2 
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Table HI. 


Etpt. 

Pay of eipt. 

Procedure. 

Beinarks, 

1900 

1-9 

Fliei fed on infected monkey. 

Tiypanosomes appeared in 
blood of Monkey 1970 on 


10 

Starred. 


11-29 

Fed on olean Monkey 1970. 

the 28tli day. 

1968 

1-8 

Fliee fed on infected dog» 
monkey, and goat. 

Tiypanosomes aj^ared in 
blood of Bog 2007 on the 


9 

Starred. 

aothda.j'. 


10-22 

Fed on olean Bog 2007. 

Monkey 2068 showed trypano- 


28 

Starred. 

Bomes on the 80th day. 


24-29 

Fed on clean Monkey 2068. 

2188a 

1-9 

Flies fed on infected guinea- 
pig. 

Tiypanoeomes appeared in 
blood of Bog 2264 on the 


10 

Starred. 

21st day. 


11-22 

Fed on clean Bog 2264. 

Monkey 2298 showed trypano* 


23 

Starred. 

Bomes on the 82nd day. 


2427 

Fed on olean Monkey 2298. 

2800 

1-7 

Flies fed on infected dog. 

Trypanosomes appeared in 
blood of Monkey 2816 on 


8 

Starred. 


9-42 

Fed on clean Monkey 2316, 

the 4lBt day. 

2313 1 

1-4 

FUes fed on infected monkey. 

^rrypanoeomes appeared in 



Starred. 

blood of Bog 2861 on the 


i 6-16 1 

Fed on olean Monkey 2318. 

81st day. 


16 

Starred. 

Monkey 2318 nerer showed 


17-81 

1 Fed on clean Bog 2861. 

trypanosomes. 


Details of the Four Negative Experiments, 

T.he following table shows the method of procedure in carrying out the four 
negative experiments. In each of them laboratory-bred flies were used : — 


Table IV. 


Expt. 

Day of expt. 

Procedure. 

Bemarks. 

1867 

1-8 

Flies fed on infected monkey. 

One infected fly found on the 


9 

Starred. 

1 

1 


10-60 

Fed on clean Monkey 1941^ 


1996 

1-9 

Flies fed on infected monkey. 

Four infected flies found. 


10 

Starred. 



U-66 

Fed on olean Monkey 2081, 


2111 

1-8 

Flies fed on infected dog. 

Three infected flics found. 


9 

Starred, 



10*14 

Fed on clean Bog 2100. 



15 

Starred, 



16-80 

Fed on olean Monkey 2125. 



31 

Starred. 



32-48 

Fed on olean Bog 2189. 


2188 

1-8 

FUes fed on infected rat. 

One infected fly found on the 


9 

Starred. 

2l8t day. 


10-27 

Fed on olean Monkey 2203, 
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Result of the Dissection of the Infected Plies. 


Table V. — Laboratory-bred Flies. Positive Experiments. 




Proboaois. 








Time, 

days. 



Pporenfcpi- 

oulua. 


Fope- 

gut. 

Mid- 

gut. 

Hind- 

gttt. 

Salivary 

glauda. 

Kxpt, 

Labial 

Hypo- 

Crop, 



oatity. 

phalanx. 







1909 

38 





+ 



_ 

1909 

84 

— 


+ 


+ + 

+ + 

+ + 


1909 

86 





+ + 

+ + 

+ + 

+ + 

1909 

86 

— 


+ + 


+ + 

+ + 

+ + 

4- + 

1909 

87 







+ 

*- 

1909 

48 





+ + 

+ + 


... 

1909 

47 

— 





+ 



1909 

60 






+ 



1909 

61 


— 



+ + 

+ + 


+ + 

1909 

67 






+ 


— 

1988 

22 


— 


+ + 

+ + 

+ + 

+ + 


1988 

28 

— 


— 


... 


+ 


1988 

80 

— 

— 







1988 

80 

— 





+ 


... 

1988 

81 


... 






... 

1988 

81 


+ 

+ 

+ 

+ 

+ 

+ 

+ 4- 

1988 ^ 

81 

4- 

.. 

+ 


+ 

+ 

4 


1988 

83 


.. 




+ 


... 

1988 

84 

— 





+ 


... 

1988 , 

84 



+ 


+ 

+ 

+ 

+ 

1988 

84 






+ 


... 

1988 i 

84 


— 




+ 


— 

1988 1 

84 

— 





+ 



1988 

84 



i 



+ 



1988 

84 


... 




+ j 



1988 

34 

... 

-«■ 

+ i 


1 

+ 


.. 

1988 

85 


.. 




•f 



1988 

86 


— 

+ 


+ 

! 

+ ! 


1988 

87 

-- 

_ 



+ 1 

+ 

+ 


1988 

87 

— 

... 




+ 

4- 


2L88a 

24 

— 





+ 



2188a 

24 



1 



+ 


— 

21S8A 

29 





1 

+ 



21d8A 

82 





1 

+• 



SISSa 

82 








.* 

21d8A 

82 








... 

8188a 

82 





+ 

+ ! 

+ 


8188a 

82 ; 



i 







In Experiment 1909, 10 infected flies were found. Three of these had the 
salivary glands swarming with trypanosomes ; in none was the labial cavity 
or hypophfl^ynx found to contain flagellates. 

In Experiment 1988, 20 infected flies were found. Two had an invasion 
of the salivary glands. In one it is noted that a few active trypanosomes 
were seen in the labial cavity, and in one that a few " blood foms ” were 
seen in the hypopharynx. 

In Experiment 2188 a, eight infected flies were found, one of which had 
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the salivary glands swarming with trypanosomes. Parte of these 
injected into ^ts 2311 and 2312 gave in both oases a positive result. 


Table VI. — Laboratory-bred Hiea Negative Experiments. 




Profooaois, 







Xhcpt, 

Tima, 



- — 

Proventri- 


Fore- 

Mid- 

Hind- 

SaUTfU7 

da^s. 

Labial 

Hypo- 

cuius. 

CTOp. 

gut. 


gut. 

glands. 



cavity. 

pharynx. 
















■■ 

1867 

62 

— 


... 



+ 



1996 

23 





+ + 

+ + 

4.+ 1 


1996 

43 





+ 

+ 

+ j 


1996 

67 





+ + 

+ + 

+ + 1 


1096 

67 


1 




1 4- + 

1 

— 

2111 

12 


' «. 

— 



' + 

•f ! 

— 

2111 

26 


— 

+ 

+ i 

+ + 

+ + 

+ + 1 


2111 

40 


— 


j 


+ 


-- 

21S6 

21 




1 

i 



+ 1 



In none of the negative experiments was an infection of the saUvary 
glands found. Nine infected flies were dissected, but not one’Naf these had 
passed into the infective stage. No parasites were found in the proboscis at 
any time. 

From a consideration of these tables it- will be seen that this strain of 
T. hrucei, Zululand, 1913, belongs to the same group as T. gamUmte and 
the trypanosome causing disease in man in Nyasaland as far as their 
development in Q. palpalis and 0. mormtans is oonoemed. This develop- 
ment takes place in the intestine of the fly and, after a varying number of 
days, passes forward into the salivary glands, where the final stage in the 
cycle is reached — the infective or “blood forms.” In this group the 
parasites are never found fixed in the labial cavity as in the pecorwn and 
wmc groups. 


Thb Tykb of Tbypanosomb foumi) jk the Infected Fues. 

Plate 25 represents the developmental forms of T. hmed, ZuluUmd, 1918, 
found in the proventrlculus and salivary glands of &. moreiimA A descrip- 
tion of the various types found in the different parts of the alimentary tract 
is not considered necessary, as they are identical with those fcund in 1h* 
development of T. gamhienae in (?. palpalia, which have already beau Mly 
described.* 

Figs. 1 and 2 are two long trypanosomes from the pwiyentricaltti. 
Figs. 3-6 are the same, but they were extruded on to a oovw-glBas by ; 

* ‘Eoy. Soo, Proc.,' B, voL 8S<t0U). 
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®«^4®(Sbn of Certain Drugs on the Isolated Human Uterus. 

By Jamiss a. Gunk. 

by Prof. C. S. Sherrington, F.B.S. Beceived March 7, — Bead 
* April 30, 19U.) 

(From the Pharmacological Laboratory, Oxford.) 

I lutve «lie(#here shown^ that, in experiments on the isolated mammalian 
heart, it ie ]^rfectly possible to keep the exseoted heart in cold Locke’s 
solation at ordinary room temperatures for hours and still to obtain powerful 
and regtdar contractions of the heart when, alter this procedure, it is 
sabaequentjy perfused with warm oxygenated Locke’s solution in the usual 
way* Similar observations have been made on other contractile tissues and 
will be de^t with in another communication. 

In the meantime, it is sufficient to point out that those observations open 
an easy ymy to experiments on a certain number of isolated human tissues, 
removed fer sui^ical reasons, by which exj^eriments certain questions can be 
an«w««?ed which cannot readily, if at all, be decided in any other way, 

Ste as I am aware, this is the first time that pharmacological 
^peAmikts of this nature on isolated human tissues have been performed, 
and byilfte simplification of technique dependent upon those olmervations on 
the awNh^al of involuntary muscle at ordinary temperatures, afield is open for 
pharmacological exjKiriments immediately upon tliose 
tissues; whose reaction to drugs it is the final aim of pharmacology to deter- 
miaev These experiments can be made under similar conditipns to, and 
entirely comparable with, experiments made on tissues of those 
msmmsLln ordinarily used for pharmacological investigation. 

10^ of the questions which require to be answered has regard to the 
HIrAI of the sympathetic innervation of the human uterus and its response 
to oAun drugs. 

been shown by Langley and Andersonf that the sympathetic 
ailA supply to the uterus of the rabbit is motor in quality, whether the 
uKillts is in the pregnant or non-pregnant condition, and that adrenine has a 
motor effect on it. On the other hand, it was discovered independently 

'Ijlushny^ IJaleg, and Kehrerll that the uterus of the cat responds to 
f of FhysioL,* voL 46, p. 606 (1913). 

♦ Lsiigley and Aiidsrson, ‘ Journ. of Physiol.,’ vol. Id, p. 122 (1806) ; Langley, iind,, 
p 262(1901). 

J Oashny, * Joum. of Physiol,' vol 36, p. 1 (1906), 

I Bale, ^ Joum. of Physiol,' vol 34, p. 163 (1906). 

)) Kehrer, 'Arch. fUr GyniUtol,' vol. 81, p. 160 (1906). 
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sympathetic stimulation or to adrenine by a motor effect when pregnant/ 
by an inhibitor ef^t when non>preguant ; in the latter otoe, theri^brei 
differing from the response of the rabbit’s uterus. 

It has recently been shown* that a still different type of sympathetic 
innervation holds good for the uterus of the rat and the guinea-pig, for in 
those animals adrenine inhibits the uterine oontractions both when the uterus 
is Regnant as well as when non-pregnant. 

There are, therefore, three known types of predominant sympathetic 
innervation of the uterus in different species of animals, as shown in the 
following table : — 



Keaotion to Adrenine. j 

Non-pregnant uterus. 

Pregnant uterus. 

Babbit 

Motor. 

Motor. 

Cat , 

Inhibitor. 

Motor. 

Guinea.pig 

Inhibitor. 

Inhibitor, 


Now the type of innervation in the pregnant uterus of the rat and guinea- 
pig raises tho important question, namely, what is the quality of the 
sympathetic innervation of the human uterus ? Does it resemble that pi the 
rabbit, that of the cat, or that of the guinea-pig ? This is obviously a question 
of supreme importance in the use of adrenine or other sympathomimetic 
substances in human labour, because if the pregnant human uterus is to be 
relaxed by those drugs (as is the pregnant uterus of the rat or guinea-pig) 
then the employment of them in inertia uteri or in post-partum hemorrhage 
is not only valueless but definitely dangerous. 

Though the kindness of Drs. Whitelooke and Dodds-Parker, Sutgeons to the 
Badcliffe Infirmary, Oxford, I have been able to obtain sufficient mat^dal to 
satisfy at least part of this inquiry. The former gave me the uterus a 
Fallopian tube from one case, and Fallopian tubes from two other cases; jmd 
the latter a Fallopian tube from one case. The organs were removed Irom 
surgical necessities. As soon as they were removed, they were put intOiOOld 
Locke’s solution and conveyed to the laboratory. There they were put into a 
bath of Locke's solution, oxygenated and at a temperature of 37®, and 
movements recorded, the method employed being the now familiar method 
used for isolated mammalian organs and first used for the uterus by Kebrsr. 

The isolated human Fallopian tube, when put into warm oxygenated sahne 
solution, almost immediately executes rhythmical movements, not in mf 

* Gunn and Gunn, *Journ. of Pharmasobi^ (1014). 
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from the contractions of the isolated uteri of ordioaiy 
under similar conditions of experiment. Indeed the 


which the human Fallopian tube passes into ihftbiQioal 


it clear to me, after experience of other rhythmically 
cenliaotde^ t^ the same conditions, that the Fallopian tube possesses 

a h%h d(|g3!ietof spontaneous rhythmicity. 

Several ^i^riments which have been made have shown conclusively tdiat 
adtoaiim^^l^ powerful motor effect on the human Fallopian tube. 

Hie eSset^mt adrenine is shown in fig. 1 ; in this case it produced a rise of 
tonus witt conversion of slower rhythmic contractions into more rapid 


smaller o&Mk 


Fig. 2 is idtown because it illustrates (1) what I have found in four experi- 
ments, ^ somewhat surprising fact that pituitrin has no pronounced effect 
on the human Fallopian tube ; (2) because it shows the continued vitality of 
the mgan after it had remained for 30 hours in cold Locke's solution, and the 
stiU nmcmal response to epiniue. 

Htat the vitality of the uterus is great under certain conditi<ms of keeping 
is a fact of which I was previously aware, because from unpublished expmi- 
xnim^ m^e in this laboratory in conjunction with Br. Hudston, it was found 
tha%;ait|r the guinea-pig's uterus had been kept in Locke's solution, at 
tmafimiilhres of from 3 to 7^ C., it still may execute rhythmic movements 


^ iu warm oxygenated Locke’s solution, after having rmnained 
quieiM^ at the low temperature for as long a period as toven daya 
la ttigsrd to the uterus proper I have as yet obtained only one for experi- 
me&ti This uterus was removed from a patient, non-pre^nant and about 
40>yAer8 of age. The uterus was removed for disease of one Fallopian tube 
ahiBgi with a partial fibroid condition of the uterus itself. The other 
ifhlltilpiftn tube and part of the uterus was appMeatly healthy. The latter 
Imi^t into strips 


V |iie rhythodo movements of the uterine strips were maob slower and more 
litl^ those of the Fallopian tabes. 

1 in 250/}(X)onaBtrip of uterine musole. 
(hown contractions lasting firom about 30 to 60 seconds at 
At the end of <me of those oontraoti^ 
; added to the bath (fig. 3). Hue produeed a strong tcmio <»a- 

mitb prodiieiimi <d superimposed smaller waves. Othm’ stripe whldh 

for farther gmdanoe, tfaeeffBCt of the same 
| Fallopian tube belonging to the same uterus, 

fligr^s^^ the iesuliobtained, 
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Fig. 3. — Isolated Strip of Hnman Non-pregoant Uterus. Showing Motor Effect of Adrenine, 
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It is clear from these experiments that adrenine has a powerful motor 
aotibn on the non-pregnant human uterus and Fallopian tube. The presump- 
tion iS^ therefore, that the 8ym])athetvc nerve supply to it is motor in ijuality. 

Pifcuitriu decidedly stimulates the contraction of a strip of human uterus 
as shown in Fig. 6. The effect is produced much less promptly than the 


t Ad re ri I n r- ! t n 5 C\0 0 0 


pjG. 4. — Isolated Human Fallopian Tube from same UteniR used in fig. 3. 


pMIltMrilir, 400 


Fig. 6 . — Isolated Strip of Human Non-pregnant Uterus. Showing Motor Effect of 

Pituitrin, 

effect of adrenine. No such pronounced effect could l>e obtained on the 
Fallopian tube belonging to the same uterus, the addition first of pituitrin 
1 in 800 and then 1 in 400 having no effect in 15 minutes, whereas the sub- 
eequent addition of adrenine 1 in 250,000 produced immediately powerful 
axid enduring contractions. The negative effect of pituitrin on the tube is an 
unexpected result, seeing that the musculature of the tube is continuous with 
that of the uterus proper. It suggests that deductions cannot be drawn from 
experiments on the Fallopian tube alone to embrace the uterus proper. 

It has not been possible yet to secure for exi)eriment a pregnant human 
uterus, which is of course rarely removed. Unless, however, the human uterus 
has a still different type of sympathetic innervation from that of all the 
animals which have been examined, the probability is that adrenine will have 
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a motor eflfect on the pregnant human uterus, and that, therefore, the u$e of 
sympathomimetic substances in labour is justified. 

Summary. 

The movements have been recorded of the isolated non-pregnant human 
uterus and Fallopian tube. Adrenine has a powerful motor action on both 
these organs. The deduction is drawn that this is the qualitative effect of 
sympathetic innervation of the human uterus, at least when non-pregnant. : 

rituitrin also stimulates the human uterus proper to contraction, but no 
such efibct has been definitely obtained on the Fallopian tube. 


The Presence of Inorganic Iron Compounds in the Cfdoroplasts 
of the Green Cells of Plants^ considered in Relationship to 
Natural Photosynthesis and the Origin of Life. 

By Benjamin Moore, D.Sc., F*R,S., Professor of Biochemistry, Universi^ of 

Liverpool, 

(Received March 11, — Bead April 30, 1914.) 

(From the Johnston Biochemical Laboratory, University of Liverpool.) 

It has been demonstrated by Moore and Webster* that colloidal solutions , 
or suspensions, of salts or oxides of iron, in presence of dissolved carbon 
dioxide and with the energy supply of sunlight, possess the power of synthe- 
sising formaldehyde. Since this is known to be the first step in the prQcesa 
of organic synthesis of the substance of all living plants and animals fit>m 
inorganic material and must, moreover, have occurred in past ages over 
immense areas of the earth's surface before life began to exist on the planet, 
the conclusion was drawn that life must have originated by continual 
development of more and more complex organic substances from this aimpk 
commencement. 

It is in this first stage of all that the greatest production of chemical 
energy occurs, and accordingly a transformer of light energy into chemical 
energy is essential. Although the more highly organised carbohydrates and 
proteins still require catalysts for their synthesis, weight for weight they 
contain scarcely any greater storage of chemical energy than formaldehyde, 
♦ ‘ Boy. Soc. Proc.,* B, vol. 87, p. 163 (1913). 




Compounds in Chloroplasis of Green Cells of Plants, 5 57 


and once an accumulation of organic material has been reached, even the 
fats and their allies can easily be synthesised by the combination of linked 
exothermic and endothermic reactions by the living cell acting as a trans- 
former, without the use of external energy such as that of sunlight.* 

Once organic matter has been synthesised, the living cell can oxidise one 
portion of this to reduce still more another ^rtion. In this manner the 
animal cell can oxidise carboliydrate, for example, and use the energy so set 
free to build up another portion of carbohydrak^ into fat which weight for 
weight contains double as much chexnical energ}' as the carbohydrate, without 
in the process making use of an external source of energy. 

At the commencement, however, when only wak^r and carbtm dioxide are 
the available makirials, it is indispensable that an external source of energy 
such as sunlight should be available, and a suitable mechanism, or chemical 
system, for the transformation of this store of energy into the chemical 
energy of organic compounds. 

Such a transformer has been recognised for a long period in the ciiloxoplast 
or chlorophyll-granule of the green cell of the higher plant. 

Since the days of de Sau8sure,f now over a century ago, the green colouring 
matter of the leaf, chlorophyll, has been regarded as the fundamental agent 
for this world-wide photo-synthesis. But it is remarkable how completely 
this view is based upon indirect or circumstantial evidence, and how little, 
if any, direct observation can be cited in its support. 

Chlorophyll is known by the biochemist to be one of the most complex of 
substances, comparable to haemoglobin in its molecular structure, and yielding 
a host of disintegration constituents themselves complicated substances of high 
molecular weight. Between the simple colloidal molecules of inorganic iron 
salts in solution or suspension and such a highly complex organic substance 
as chlorophyll there is a wide hiatus, and it was with the view of discovering 
some intermediate links or finding some explanation for the gap that the 
present experiments were commenced. 

Before describing the experiments in detail it is desirable to touch upon 
present views as to photo-synthesis in the green cell as far as these bear upon 
our investigation, in order to give an appropriate setting to the new facts, and 
show how present knowledge regarding the absolute necessity for the presence 
of iron in the green leaf, wliich has been liitherto devoid of all explanation, 
led up to these experiments. 

Photo-synthesis with production of oxygen only occurs in the chlorophyll- 

♦ See Moore, * Beceat Advances in Physiology and Biochemistry,^ edited by Leonard 
Hill, pp, 13ft, 138, Arnold, London (1906). ^ 

f “i^chercheB Chimiques aur la V6g6tatiou^ (1804), ‘Oatwald's Klasaiker,' Nos. lft-16 
rOh. LXXXVII.— B. 2 U 
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containing parts of the plant, and only in these when they are exposed to 
light. Also, when a plant is allowed to grow in darkness, the leaves are 
found to be i>ale-yellow in colour, or ohlorotic, instead of green. When a 
plant grown in darkness, and, as a result, possessing chlorotic leaves, is then 
exposed to light, the pale-yellow colour is rapidly replaced by a green, and 
then photo-synthesis is readily demonstrable by the evolution of oxygen and 
the appearance of starch granules. 

The above reasoning constitutes the whole of the evidence that chlorophyll 
is the primary cause in the first act of photo-synthesis. It is to be observed 
that the entire chain of evidence is inferential, and that in order to form a 
valid proof, chlorophyll would require to be the only substance pre-sent in 
the chloroplast, which is very far from being the case. No observer has ever 
obtained an appreciable and satisfactory synthesis with pure chlorophyll in 
solution or suspenaion when removed from the other constituents of the 
chloroplast. Certain observers liave observed minute traces of formaldehyde 
formation with chlorophyll solutions or emulsions, but even these traces 
of photo-synthesis have been stoutly denied by other competent observers. 
In any case, the photo-synthetic eflfect produced is infinitesimally small 
compared to that observed in the intact green cell. 

The most recent and careful experiments upon this subject are those 
performed by Usher and Priestley* and by Schryver.f Usher and 
Priestley found that when a chlorophyll-ecntaining extract from green 
leaves was spread out as a film or emulsion on a gelatine plate, small, but 
distinctly demonstrable amounts of formaldehyde were formed on exposure 
to sunlight. But in this case there is gelatine and the inorganic colloids 
it contains shown by its ash to be present, and in the chlorophyll extract 
there would undoubtedly be iron salts present, because about one-fourth of 
the iron of green leaves comes away in the alcoholic extract. 

Scbryver worked with an ethereal solution of chlorophyll allowed to 
evaporate at room temperature on a strip of glass, and found that although such 
films of chlorophyll on glass produced no formaldehyde in darkness even 
in presence of moist carbon dioxide, a minute amount of formaldehyde was 
formed when the film was exposed to sunlight even in absence of carbon 
dioxide, and a distinct reaction when the film was exposed to sunlight 
in presence of moist carbon dioxide. The amount of formaldehyde formed 
in all such experiments is, however, very minute compared to the products 
of photo-synthesis under natural conditions by the complete ohloroplast 

* < Boy. Soc. Proc.,’ B, vol. 77, p. 360 (1006) ; B, vol 78, p. 3X8 <1006) ; B, vol. 84, p. tOl, 
( 1011 ). 

t 'Boy* Sac. Froc./ B, vol. 82, p, 226 (1010). 
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Now the ohloroplast coutaine a great deal more than chlorophyll, and when 
all the chlorophyll has been removed by some such reagent as hot alcohol 
there remains behind a colourless body, the so-called stroma. The chloro- 
ploBt after the extraction is still a solid looking body, and to all 
appearances the only thing that has happened is that a thin layer of green 
colouring matter has been removed. There is no shrinking or shrivelling up 
of the ohloroplast. 

There is accordingly no experimental evidence that the primary agent in 
the photo-synthesis may not be contained in the colourless part of the 
chloroplast, and the chlorophyll may be evolved at a later stage in synthetic 
operations induced by some constituent of the colourless part. The function 
of the chlorophyll may be a protective one to the ohloroplast when 
exposed to light, it may be a light screen as has been suggested by 
Pringaheim, or it may be concerned in condensations and polymerisations 
subsequent to the first act of synthesis with production of formaldehyde. 

All these views and others are possible, and the function of chlorophyll in 
the chloroplast remains for solution, but it has not been proved that 
chlorophyll is the primary causative agent in the photo-synthetic process 
where the chief energy uptake oocxxrs with formation of formaldehyde. 

There are other pieces of experimental evidence apart from the repeated 
failures to obtain satisfactory synthesis with isolated chlorophyll which go 
to indicate that chlorophyll is not the transformer in the first link of the 
synthetic chain. 

In the first place chlorophyll itself is a product of photo-synthesis, and 
therefore there must be some active photo-synthetic substance present in 
the chloroplast before the chlox^ophyll appears which indeed first produces 
the chlorophyll by its activity. 

When a yellow etiolated leaf taken from the darkness is exposed to the 
light it contains no chlorophyll, but photo-synthesis, in the absence of 
chlorophyll, sets in, and chlorophyll itself is one of the products, not the 
originator or agent, of this photo-synthesis. The period from first exposure 
to light to the appearance of chlorophyll is too short to determine whether 
oxygen production and starch formation commence before chlorophyll is 
formed. 

In the next place Engelmann,* by the application of his ingenious method 
of the oxyphile bacteria has clearly demonstrated two important facts; 
first, that the ohloroplast alone, even when displaced from the rest of the 
oell, can, in presence of light, go on synthesising and producing oxygen; 

. * £k»tanictcbe Zeitung/ 1881, p, 44C, end 1887, pp. 894, 4X0, 418, 426, 442, 458. 
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and, in the second place, a still more inipoitant point in our chain of 
evidence, namely, that certain leaves such as those of tlie yellow variety 
of elder, which do not produce chlorophyll when exposed to light but 
contain yellow chromatoplasts, clause synthesis and produce oxygen. These 
observations as to synthesis by healthy yellow leaves have been confirmed 
by other observers such as Tammes, Josopait, and Kohl* 

The strongest piece of evidence, however, that iron salts ai’e more funda- 
mental to photo-synthesis and take an earlier share in it than chlorophyll, 
is that furnished by that process frequently occurring in green leaves 
known as chlorosis.'’ 

Chlorosis is a pathological condition of green leaves of considerable practical 
importance in arboriculture, and the discovery of its cause is, as Molisch 
states, one of the most interesting and beautiful in the history of plant 
physiology. 

It was shown in 1843 by Eusebe Grisf that chlorosis naturally occurring 
in the leaves of shrubs or trees could be entirely removed either by 
applying dilute solutions of iron salts to the roots, or by placing the 
detached chlorotic branch in a dilute solution of iron, or even by painting 
the chlorotic leaf with a very dilute solution of an iron salt. In some 
coses within 24 hours, and in nearly all oases in a period of a week to 
10 days, the green colouring matter developed in the leaves where none had 
been before. 

Tliese results have been often confinned and have been extended by 
Salm Horstmar, A, Gris, and Sachs^ Moliscb§ has, moreover, shown in a long 
series of experiments with different sjKJcies of plants that all green plants, 
men when fully expomi to light, become afflicted with chlorosis and fail to 
develop chlorophyll when they are grown in a culture fluid especially made 
devoid of iron. As soon as the reserve stoi’C of iron always contained in the 
seed embryo and cotyledons has been exhausted in thei)rimordial leaves, only 
chlorotic pale-yellow leaves are formed. These pale-yellow leaves rapidly 
turn green if minute quantities of an iron salt are added to the culture fluid> 
or even if the surface of the leaf be painted over with a dilute solution of an 
iron salt, as had been previously shown by Gris to be the case with 

* Quoted by Czapek, * Biochemie dor Pflanzen/ vol. 1, p. 447. 

t ‘ Do r Action des Compoa^o Fernigineaux aur la V6g6tatioix,* 1843. See also ^Comptea 
Bendua,’ vol. 19, p. Ul8 (1844) | vol. 21, p, 1386 (1845) ; voi. 23, p. 53 (lf846) ; and vol. 25, 
|K 276 (1847). 

I Salm Horatmai-, ‘Verauche tiber die Erniihrung der Pflaiiaen,^ 1856 } A. Ckia, 

* Aanalea d. Scion. Nat/ Series IV, vol. 7, p. 201 (1857) j Sachs, ‘ Flora/ 1862. 

§ Molisch, *Die Pflauzen in iUreu Bestehuugen zum Elaen/ Jena, G. Fischer (1892). 
Many of the references given are quoted from this source. 
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pathologically chlorotic leaves* So that iron is as indispensable to the green 
leaf as it is to the red blood-corpuscle. 

The remarkable thing, in view of this failure to develop chlorophyll in 
absence of iron, is that chlorophyll itself is shown by all the more recent 
researchers to be quite free from iron,* Chlorosis and its cure by iron 
salts has accordingly remained a puzzle to plant physiologists ever since the 
time of the discovery of Gris.f The ex}>erimcnt8 to recorded ].)elow 
furnish, for the first time, a rational exjdanation of chlorosis and its cure. 
The iron salts are necessjiry for tlie formation of the colourless portion of 
the cliloroplast, for when all the chlorophyll and other fatty bodies and 
pigments are removed from the chloroplast by extraction with alcohol, 
and the colourless cldoroplastic residue is treated with the micro-chemical 
tests for inorganic iron, a positive reaction in unmistakable degree is usually 
given l>y the colourless residue of the chloroplast. 

This inorganic iron in presence of sunlight must give rise to photo- 
synthesis and production of formaldehyde which is tlien carried on into 
sugar and starches by otlier constituents of the chloroplast, and it is 
probably here, somewhere in the later processes, that the chlorophyll finds 
its function. The chlorophyll itself, as shown by the facts of chlorosis, its 
removal by administratioix of iron, and the presence of iron salts in the 
colourless part of the chloroplast, is a product of synthesis from colourless 
substances or from the light-yellow pigment. For the production of the 
chlorophyll under normal conditions, both the presence of iron and the 
energy of sunlight are essential ^ 

Tire reason for the earlier erroneous view that the chlorophyll molecule 
contained iron was that a certain fraction of the iron compounds contained 
in the green leaf becomes extracted by the alcohol used in the first extrac- 
tion of the leaf,J so that all crude chlorophyll extracts contain iron. This, 
however, disappears on treating the alcoholic extract with benzol, and the 
produ^it of purer chlorophyll separating from the benzol fraction is iron- 
free. At the same time its spectrum and other physical properties prove it 
to be unaltered chlorophyll 

Other facts which show the importance of iron compounds in the green 
leaf are that leaves which are not deciduous annually, such as pine needles, 
contain more iron in their later years, and also in leaves of annual growth 

♦ See Molisch, too» cit^ and B. Willitittter u. A. Stoll, Untersuchungen tiber Ghloro- 
Berlin, J. Springer (1913). 

f ^0 Oaapek, ‘ Bioohemie der Matizen,^ 

X According to early obaervationa of Bouaeingault ( Agronomle,’ vol 5, p. 128) from 
one-quarter to one-third of the iron is removed by the alcohol 
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the older the lea! is the more iron does it contain in its ash. Thus 
Bousijingault found in the ash of young leaves of 2 per oent of 

Fe»08, while old leaves contained in their ash 9*64 per oent. Ltictuea sativa 
had in the young leaves 2*67, and in the old leaves 6‘43 per cent, of FejOa 
in the ash. Another point is the curious conservation, resembling that seen 
in the animal economy, of the iron of the leaf in the case of deciduous 
leavea Before the leaf drops a good deal of the iron is re-absorbed and stored 
for future use. This is shown by analyses of the iron of the leaves of 
Fagus sylvatica made by Eissmuller* in successive months. The figures 
quoted give quantities of FeaOa in 100 parts of dried leaves collected at the 
times of year stated — 

May. June. July. Aug. Sept Oct Nov. 

Oxide of iron 0*35 0*61 0*58 0*75 1*03 0*60 0*69 

The gradual increase of iron content to a maximum followed by a fall as 
the leaves grow sere is very interesting. 

It has been shown by Molisch (foe. cU,) that iron is an essential constituent 
for the growth of all plants, whether green or otherwise, but the saprophytic 
and j^arasitic plants whicli contain no chlorophyll require much less iron 
and, as a rule, contain much less in their ash. Our own experiments show 
that the histo-chemicol reactions for iron develop much more slowly in the 
fungi and are much less intense in degree. These feebler reactions probably 
arise from organic compounds of iron slowly being decomposed in traces and 
setting free ionic iron. These organic iron compounds of the fungi are 
concerned with some other function than photo-synthesis or chlorophyll 
formation ; they probably take a part in nuclear structures, for many nucleins 
are iron-containing, aud, as has been shown by Maoallum, after treating with 
acid alcohol to unmask the iron previously present in an organic form, the 
chromatin of nuclei always contains iron. 

The reocitions for inorganic iron are shown most markedly with the more 
lowly organised plants siich as unicellular green plants occurring abne ot iu 
lichens, or in delicate algal threads, but when proper precautions are taken 
they can also be clearly demonstrated in the ohloroplasts of the higher 
plants. The reactions are particularly well shown by the ohloroplasts of 
aquatic plants, where, as is well known, the percentage of iron in the ash is 
also high. 

These facti are in keeping with the natural order of evolution and are 

also in accord with other observations. For example, many algae (such as 

■* ■ ■ 

^ “Ueber die StofFwanderung in dor Bfian^en” ‘Landw, VerBUchistatiotKin,’ 1874 
Ju»t’« /ahresberiohV voL 2, |). 840, 1874). 
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certain Confervee and Cladophora) deposit around them a layer of yellow to 
ru8t-red colour consisting of mixed ferrous and ferric oxides ; this is often 
actively secreted from waters containing only traces of iron. 

A considerable number of lichens also secrete incrustations of the mixed 
oxides of iron to such an extent as to change their appearance to an iron-' 
oxide or ochre colour, so that they have been termed by systematic botanists 
" form© oxydat©, ochrace© ” or ** iron lichens/' The iron-oxide forma a fine 
incrustation usually on the mycelium of the fungus. No association of this 
iron-oxide with a photo-synthetic function has ever been suggested, but in 
view of our present knowledge of the photo-synthetic activity of iron salts 
some investigation in this direction is highly desirable. It is an interesting 
observation of Molisoh, from our point of view, that these “ iron lichens " 
flourish exclusively on the oldest primitive rook-formations (“Urgestein *'). 
They are never found upon chalk formations, but grow upon granite, gneiss, 
syenite, and porphyry. Molisch was unable to find inorganic iron in the 
other lichens, but this doubtless arose from the less delicate methods he had 
at his command at that time, and from the fact tlmt the fatty bodies con- 
tained in the green cells of the alga of the lichen had not been removed. 
When the lichen is extracted with alcohol and Macallum s hematoxylin test 
then applied, the algal cells rapidly stain a deep blue-black, showing the 
presence of inorganic iron, while the hyph© of the fungus only take on a 
brownish tinge during the same time, and only give a faint positive reaction 
at the end of some days or weeks. 

It is somewhat remarkable that the presence of iron in the chloroplast 
should for so long have escaped discovery. The explanation probably lies in 
the fact that little attention has been given to the application to the green 
cell of the histo-chemioal tests for iron since the discovery by Macallum of 
the more delicate luematoxylin iron test, as also to the delicacy of the 
cbloroplasts to the more drastic earlier method used by Molisch, and to these 
factors may be added the difficulty with which some of the chemical reagents 
for iron penetrate the green cell, and the presence in the chloroplast itself of 
fatty and lipoidal substances which prevent the ingress of the water-soluble 
stains. 

Macallum* in 1894 before his discovery of uumordaunted h©matoxylin as 
a reagent for iron, and using then ammonium sulphide in glyoerine as a 
reagent, states that bacteria gave no evidence of an organic iron compound, 
but in the Cyanophyoe© the chromophilous portions of the *' central 
substance ” contain iron, and iron may be also demonstrated in the peripheral 
granules containing the so-called cyanophycin, ^ At this period, Macallum 
♦ *Eoy; Soc, Proc.,* vol. 67, p. 261 (1694), 
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was specially concerned in proving the presence of organic iron in tlie 
chromatin of the nurdeus and was not searching for iron in the ehloroplaata, 
80 that the reference above to the presence of iron in the cyanoplasts of the 
Cyanophyoeifi is highly interesting to-day. 

Molisch (/oc. cit^) used long immersion in miuratcd potassium hydrate as a 
preliminary method for setting free masked iron (z.e. oiganic iron) in available 
form for after-detection by potassium fenwyanide and hydrochloric acid, and 
in the later testing used very strong hydrochloric acid (10 to 20 per cent.). 
Such drastic procedures are very dangerous, because the alkali breaks down 
the delicate chloroplasts, and may also itself contain iron salts in traces ; also 
in the second place, as pointed out by Quincke/ such strong acid will fairly 
rapidly set iron free in inorganic or ionic form from the potassium ferro- 
cyanide reagent, and this ionic iron reacting with the remainder of the reagent 
will give the Prussian blue colour. Molisch found more iron in the epidermis 
and fibro-vascular bundles of green leaves than in the green mesophyll, but 
as he himself admits “ the potassium hydrate so disorganises the nucleus and 
chlorophyll-granules that one can conclude nothing as to the distribution of 
iron in the cell." 

So far as we have been able to discover there exist no records later than 
the above in the literature of the subject on the occurrence of iron in the 
chloroplasts of the green coll, nor any information as to the form in which 
iron compounds are present. No investigations with the iron haematoxylin 
test of Macallum appear to have been made hitherto upon plants. 

Experimental Meihode. 

In carrying out tests for the detection of inorganic iron in the cldoroplosts, 
and in plant tissues generally, two points must be carefully borne in mind, 
first, the previous preparation of the. tissue and its subdivision so that the 
parts possibly containing iron may l)e penetrated by the reagents used for the 
detection, and secondly, tliat the reagents be applied carefully so that false 
I'esults are not obtained. Here care must be taken with the concentration of 
the reagents and the relative periods of time within which positive results 
are obtained. 

In regard to the preparation of the tissues, if sections are to be cut, care 
must be taken that this is done with a clean burnished knife. Control 
experiments show that a clean steel knife leaves no iron on the section. But, 
in most cases, since the question at issue is not the structural arrangement 
but rather whether this or that constituent contains iron, it is better to work 
with finely teased or broken up tissues. For this purpose glass rods drawn 
♦ 'Arch. f. Kxp. Path u. Pham,/ vol 07^ p, 160 (1896). 
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out to a point were alwaye used instead of steel needles, and also, in order to 
break up some of the green cells and set free the chloroplasts, a portion of 
the tissue in each case was still more broken up by turning upon it the blunt 
end of the glass rod and grinding it between this and the microscope slide on 
which it was being mounted. 

In choosing tissues for examination, proferenoe so far as possible is given 
to those where the chloroplasts are more conspicuous in sixe, and also in some 
cases, such os Spirogyra, delicate filaments were chosen which could, after 
extraction as described below with alcohol, he mounted without breaking up. 

In certain cases, such as Flmrocmcm, staining can readily be obtained 
without previous chemical preparation of the tissue, but, in the majority of 
oases, the lipoids present along with the chlorophyll in the chloroplast prevent 
the penetration of the stain, also the green colour modifies and masks the blue of 
the heematoxylin in Macallum’s test. For this reason it is well to remove the 
lipoids and chlorophyll, and in many cases this is by no moans an easy task. 
In some cases standing in cold alcohol removes the chlorophyll quite effectually 
and leaves the tissue colourless and ready for staining ; but iu other cases the 
tissue may be left at ordinary temperaturcH for days in alcohol, and this may 
even be followed by several extractions with ether, and still some of the 
green colour remains. After a good deal of experimentation the best 
extractive in these latter cases was found to be boiling alcohol. 

The tissue, either partially teased with the glass points if it is bulky like 
the leaf of a higher plant or a piece of lichen or moss, or left intact if 
a delicate structure like an algal filament or Ple^m^ococctis, is placed in water 
in a watch-glass and then absolute alcohol is gradually added portion-wise 
and pouring away excess of the mixture at intervals until the fluid is finally 
all absolute alcohol. The preparation is then boiled in the alcohol and the 
gafeenish extract poured away, and this is repeated till the green tissue 
becomes colourless. The decolorised tissue is then brought back again into 
distilled water by gradually adding the water to the alcohol, and pouring off. 
Finally, it is allowed to stand a few minutes in a watch-glass in water 
redistilled fxom glass, and is then ready for staining. 

In addition to the unmordaunted simple aqueous solution of well-washed 
hsematoxylin in J*per-K)ent. concentration introduced by Maoallum* the 
older histo-chemical tests for iron were also utilised, namely, potassium 
ferrocyanide and hydrochloric acid for ferric salts, potassium ferricyanide 
and hydrochloric acid for ferrous salts, and ammonium hydrogen sulphide in 
glyoerine for both. In our opinion the Macallum test surpasses all these in 
reiliability and delicacy. Its only fault is that it is too delicate, and the 
^Journ, Physio V voL 22, p. 92 (1807). 
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small traoea of inorganic iron aet free from organic compounda in the tiaBUca 
on long standing cause faint bat increasing staining when a preparation is 
left over for some days. When a blue-black is obtained, however, ^thin 
a few hours with this reagent it is a dedsive proof of loosely oomhined, or 
inorganic, iron in the situation where the staining ocouis. 

Ammonium hydrogen sulphide when added to the tissues with an equal 
amount of glycerine, and tfie whole kept at 36° C. for some hours, produces 
a distinct blackening as compared with the normal, but the effect ia not 
very pronounced and is only clear on comparison of treated and untreated 
tissue. 

Potassium ferrocyanide and hydrochloric add never gave a blue colour, 
but a blue colour is frequently, and very distinctly, given witliin a few hours 
by potassium ferrioyanide and acid, demonstrating that the inorganic iron of 
the chloroplasts is present in the ferrous condition; this vras typically 
observed in the case of Spirogyra and Vmtchtria. 

There is always some doubt, however, about using a reagent which itself 
contains the element sought for, tmd moreover is fairly readily broken down 
in presence of organic matter and acid. 

The hydrochloric acid used should not exceed 0'5 per cent, in concen- 
tration, and be used in equal volume with the 1-6-per-oent. ferrioyanide 
solution so that the concentration of acid acting on the tissue is only 
0’2B per cent. Then, if a blue stain is obtained with a considerable intensity 
within 24 hours, it may fairly certainly be attributed to ferrous iron in that 
particular situation. The result, however, ought always to be confirmed by 
the Macallum test, for solid starch or casein left for 24 hours in contact with 
the above reagents each give a faint blue colour which increases as the 
mixture is left standing. 

When a solution of hasmatoxyliu in pore distilled water is mixed with 
a very dilute solution of an ordinary iron salt such as ferric chloride, a deep 
• blue-black coloration is immediately produced. If, instead of an ordinary 
iron salt eolution, a solution of Idghly colloidal or dialysed iron oxide be 
mixed with the solution of heematoxylin there is obtained instead a deep 
chocolate-brown coloration. Xu the coarse of some hours to a day or two, 
this chocolate brown is replaced by the blue-black colour obtained with 
ionic or crystalloidal iron salts. Similar resulta are usually obtained when 
the heematoxylin solution is used as a detector of iron in the tissue of plauta. 
In certain oases, notably unicellular green plants and algal filaments, a deep 
blue-black is obtained within a few minntes without any previous appear- 
ance of the brown stain oharaoteristio of colloidal iron oxide, while in many 
of the higher plants (mono- and dicotyledons) the green leaf at first stains 
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a deep brown, whioh gradually, in a varying period of a few hours to a day 
or two, ehanges to a blue-blaok, just as is seen in the test-tube when 
GOlloidal iron oxide soltition is mixed with the reagent. In certain cases, 
however, the brown colour is found to persist for weeks without change. 

This deep brown coloration is not simply due to imbibition of the tissue 
with unaltered hsematoxylin, for it is far too deep for this, and, moreover, is 
not removed by washing with a mixture of equal parts of alcohol and ether 
as recommended by Maoallum. It is a true staining of colloidal iron, 
present in those parts of the tissues where the brown occurs, and possesses 
just the same dark brown colour that is obtained on mixing colloidal iron 
oxide solution and htematoxylin. 

In contrast with vegetable tissues, such a direct staining (either brown or 
blue-black) is only found in the embryonic condition in the tissues of higher 
animals, for the iron in the majority of such animal tissues is firmly bound 
organically and gives no coloration with htematoxylin. 

It is to be remarked that this staining as a test for iron is quite different 
from the ordinary use of htematoxylin as a nuclear stain in histological 
technique. In the ordinary use of htematoxylin as a staining reagent 
a mordaunt is always used either preceding the htematoxylin, as, for example, 
the iron alum mordaunt for Heidenhain’s iron-hsematoxylin method, or 
simultaneously as in the use of the hmmalum stain, whore the mordaunt 
slum is mixed with the htematoxylin. But in Macsllum’s use of the stain 
no mordaunt whatever is used, but instead a simple aqueous solution in 
pure distilled water. This solution only strikes a colour where a mordaunt 
is naturally present in the tissue. Now with iron in colloidal form the 
colour struck is the deep brown mentioned above, with iron in crystalloidal 
fomr the colour struck is blue-black. Thus Macallum’s method resembles 
Heidenhain’s staining, but with the previous iron treatment naturally 
provided in the tissues, and the blue-blaok effect obtained closely resembles 
in many cases a Heidenhain iron-htematoxylin stein. 

In order to use the method effectively, it is not merely necessary to avoid 
all minute traces of iron in the water and other fluids used, but also all 
traces of alkali and acid, since these interfere with the delicacy of the 
reaotiott. Alkali gives a rose-red colour with the hssmatoxylin, and acid 
inhibits the development of the blue-black when the amount of iron is 
small. In making up the stain itself, water twice distilled from glass 
yessels must be used as the solvent, the second distillation having been 
made immediately previous to use. To make the staining solution. 0*3 grm. 
of pure hmniatoxylin is weighed out, and washed with the twice distilled 
water till the crystals are colonrless,’ and the wash- water is only pale 
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yellow without auy trace of red. The solution is then made up to 60 e^e, 
and kept in a Jena glass flask, for the alkali which is slowly dissolved out 
from ordinary glass rapidly turns the solution pink. The reagent should be 
pale yellow when used, in order to obtain the best effects, and does not keep 
in good condition for more than a few days. 

After the chlorophyll and fats have been removed from the tissue by 
allowing it to stand in cold alcohol, or by boiling up with alcohol, the 
colourless tissue must be well washed with water, and the water used must, 
as described above, be doubly distilled from glass. 

The staining process may be watched in progress, when it will be found 
that escaped chloroplastfl from ruptured cells take on the stain first, and in 
many cases show a deep purple-blue within a few minutes. Within the 
intact cell the stain does not penetrate so rapidly, and the cell wall may 
show a blue staining in some cases before the contained chloroplasts, but 
eventually tfiese also stain a deep blue, sometimes preceded by a dark 
brown. The nuclei of the green plant cells also stain a deep blue (unlike 
animal cell nuclei), and there is usually a much slighter diffuse blue in the 
remaining cytoplasm. The fibres associated witl) the vascular bundles also show 
in many cases a blue staining. This probably means that the iron salts are 
carried along this route to the green cells. But the early and deep staining 
of chloroplasts and nucleus are characteristic in the preparations. 

In addition to tissues containing chloroplasts, several preparations have 
l>een made from plants not containing chlorophyll, such as yeast, moulds^ 
and larger fungi. There is a marked contrast found here, a blue stain does 
not appear for some days, and then in only a comparatively feeble manner. 
The conidia and the oonidiophores show more iron than the mycelium filaments. 
It is probable that this slow and feeble staining is due to organic • iron 
compounds slowly breaking up and yielding traces of inorganic iron. 

A series of ash analyses of chlorophyll-containing and chlorophyll-free 
plants show in all oases a much higher f)ercentage of iron in the ash of the 
green plant ; these analyses will furnish the subject of a separate paper. 

A large number of plants of different types have been examined, and tiie 
main results are given in the following account. 

Amongst unicellular green plants there were examined (Mwlla, obtained 
as plankton from a green-coloured pond water; Plmromcm, obtained in 
nearly pure condition growing on an oak fence near Oxford, and stained and 
examined in collaboration with Mr. Edward Whitley; several forms of 
diatom and several unicellular forms found in lichens. 

The blue-black effect is very readily obtained with these unieellukr gjemx 
plants, often without previous removal of the chlorophyll in title oase of 
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the liehens the contrast is marked between the green cells and the fresh 
hyphee of the fungus, but dead or decaying fungal matter often gives a 
blue stain. 

The algje observed wore species of Vmtche^Ha, Bpirogyra, Ulva, and 
Uhthrix. The effects were often repeated in several experiments, both with 
hiematoxylin staining and with ferricyanide and hydrochloric acid. The 
ferricyanide solution does not appear to penetrate well, and only some 
filaments in an alga like Spirogyra are coloured, but the staining has been 
obtained within an hour or two of treatment with this reagent, and is a veiy 
beautiful eflfeot when obtained in Spirogyra. The light blue colour follows 
the spirals of the chlorophyll bands, and the granules are obviously more 
deeply blue than the rest of the bands. The deep blue^black with 
hsernatoxylin is more readily and uniformly obtained, coming often within 
a few minutes of applying the stain to the decolorised alga, and furnishing 
again a beautiful effect. Sometimes, however, the brown colour of colloidal 
iron is obtained in Spirogyra. 

Viva latminia gives a very deep blue-black coloration, rendering the cells 
almost opaque ; its ash shows a higif content in iron. 

CLadothrix, when growing in water containing small amounts of iron, as is 
well known, secretes, or excretes, a tube of iron oxide around the filaments, 
and is then known as an ‘‘iron bacterium.** When these so-called “iron 
bacteria” are treated with hsematoxylin, they turn blue-black almost 
instantly, and, if the stained specimens are examined under tlie microscope, 
the interesting fact is immediately observable that not only the external 
tube, but the substance of the organism itself, is stained blue-black, so 
settling a much disputed point The same is seen in Vauelteria, an 
incrustation of iron-oxide particles is demonstrable in the gelatinous sheath 
surrounding the filaments, either by ferricyanide or hmmatoxylin staining, 
but, in addition, botli reagents show inorganic iron within the filament itself. 

Many higher aquatic plants, such as Lemna and Modea^ possess such 
incrustations of iron oxide on their leaves when grown in water containing 
only traces of iron, but in such cases it is also found that the chloroplaste 
of the green cell itself are very rich in inorganic iron. The higher aquatic 
plants examined have been these two and a variety of water-cress, and all 
three were found to give a strong positive reaction. 

Ordinary lawn gross contains a high percentage of iron in the ash, and, 
when teased out and deprived of chlorophyll by hot alcohol, forms a very 
suitable object on account of the ease with which strands of fibre with 
attached cells separate. The staining of the chloroplasts is at first a dark 
bro^n passing later into a blue-black. The leaves of many species of 
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dicotyledonous plants were examined i^nd it fotditd that bite the 
transition from dark brown to blue-black was muciji, slower as arUle> and 
in some cases the staining remained permanently of a deep orange-brown 
to a pure dark' brown colour. But in all cases the chloroplasts stained 
more deeply than the remainder of the cytoplasm. 

The catalyst for tlie photo-synthesis may not in all cases be an iron salt, 
or oxide, but an iron salt is present and capable of operating os a catalyst 
in a large number of instances. 

Various substances known to be present in the ash of leaves have been 
tested for their photo-synthetic activity in connection with the work, and it 
has been found that magnesium and calcium phosphates and bicarbouates are 
entirely ineffectual, but that marked photo-synthesis of formaldehyde is 
obtained with chlorides or colloidal hydrates of iron or aluminium. 


Sumunxiry, 

1. Inorganic iron salts and iron or aluminium hydrates in colloidal soUition 

possess the jmwer of transforming the energy of the sunlight into chemical 
energy of organic compounds. ^ 

2. Inorganic iron, in crystalloidal or colloidal form, is present in the 
colourless part of the chloroplast of the green plant cell in many plants. 

8. In the absence of iron the green colouring matter cannot develop in 
the leaf, although the green colouring matter itself contains no iron. 

4. In the presence of sunshine, the iron-containing substance of the 
chloroplast develops the colouring matter, so that this itself is a product 
of photo-synthesis induced by the iit)n-oontaining compound. 

5. These facts afford an explanation of chlorosis, and its cure by inorganic 
iron salts, and demonstrate that iron is a primary esseutial in photo-synthesis, 
and the production of chlorophyll. 

The iron-containing substances of the colourless portion of the cKloro- 
plast, and the chlorophyll produced by them, then become associated in tbf' 
functions of photo-synthesis as a complete mechanism for the eneigy tmns- 
forraation. 


My thanks are due to my colleague, Prof. K. J. Harvey Gibson, for much 
valuable advice in selecting and obtaining suitable material, and to Misses 
E. M. Blackwell, M. Knight, and B. Bobbins, of the Botanical Department of 
the University of Liverpool, for supplies of fresh material 
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[Plate 26 .] 

I have chosen as the subject of this lecture the physiology of the kidney, 
and more particularly the mode of action of one part of it, namely the 
glomerulus. In 1906, at the meeting of the British Medical Association in 
Toronto, I brought forward a new conception of the action of this very 
characteristic portion of the renal apparatus, and since that time have been 
accumulating a considerabje mass of evidence by the light Of which my tbeoiy 
can be criticised. 

Very shortly after the discovery of the main details of the structure of the 
kidney, Ludwig, basing his ideas upon the then known structure, put forward 
his well-kaiown theory that the glomerulus was a filter, and since that time 
all discussions upon renal activity have centred round this theory because it 
offered an explanation of the mode of action of one part of the mechanism 
upon hydrodynamic principles. The necessary corollary following from this 
assumption of filtration is that a considerable degree of absorption must be 
effected as the dilute filtrate tiuvels down the tubule, and how excessively 
great this must be was first pointed out by Heidenhain. 

If we consider the results obtained by the earlier workers upon the kidney, 
very many of them appear suflSoiently well explained by the Ludwig theory, 
but as in the course of years a far stricter examination of the theory was 
attempted, several observations were made which proved very difficult to 
explain, and in many cases it was necessary to make such extensive and often 
contradictory assumptions that it became increasingly difficult to accept the 
theory. Of recent years evidence has been obtained in many directions 
which in my opinion conclusively proves that the glomerulus is not a 
filtering surface* It is not my object to-day to discuss this point in any 
detail I may refer to my lecture delivered before the Harvey Society in 
New York in December, 1909, where a short B\unmary of the facts for and 
against filtration is given, or to the excellent j^aper by Magnus, in the 
'Handbuch der Biochemie,* where it is discussed in esiitmo, ^ It will be" 
sufficient for my present purpose if I indicate the chief reasons which led me 
von ixxx 2 X 
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to oonoiude that the idea of filiation at the glometulat surface mtiBt be 
abandened. 

Perhaps the most striking piece of evidence is derived from the considera- 
tion of the concentration and constitution of the urines obtained during 
extremely free secretion. The evidence is quite clear that the main bulk of 
the water secreted by the kidney undoubtedly comes from the glomeruli. 
Hence the more rapid the flow of fluid from the kidney the more closely 
must that fluid resemble in constitution the fluid discharged from the 
glomeruli, since a much shorter time is then allowed to the cells of the 
tubules to modify it by absorption or secretion, and if filtration is the active 
process in the glomeruli this fluid ought to approximate more and more 
closely in composition to the blood plasma so far as the ^Its, urea and all 
constituents of the plasma other than proteins are concerned. But the dilute 
urine secreted after drinking copioiis amounts of lager beer,* * * § or of water, f 
shows a constitution in salts widely different from that of the blood. Con- 
sidering only the total concentration, as estimated by the depression of the 
freezing point, it is quite easy to obtain a iirine with Asr —01® C., and one 
as low as —0*076® C, has been recorded.! To effect a change in concentration 
BO extensive as this denotes, by filtration through a semipermeable membrane, 
would necessitate a pressure difference on the two sides of the membrane of 
at least 4000 mm. Hg, a pressure difference utterly cut of comparison with 
the blood-pressure. Therefor© to make such a result accord with the filtration 
theory, it becomes necessary to assume a most extensive reabsorption of 
the salts and other substances of small molecular size, a reabsorption on such 
an extensive scale and at such a rate as is, I think, entirely out of the 
question. 

If, in the second place, we investigate the correlation between the blood flow 
and the rate of secretion, we find that while there is a general correspondence, 
in that increased urine flow is usually accompanied by increased blood flow, 
this is by no means a universal rule.§ I have frequently observed in kidneys 
in which there was at the start a fairly free blood flow and but slow urine 
secretion, a copious diuresis to come on without any change in the blood 
flow. Indeed on no less than five occasions I have seen a distinct decrease 
in the blood flow to occur as the diuresis oommenced, and moreover in these 
experiments the volume of the kidney actually increased. In every direction 
we find that the urine flow does not vary strictly with the blood flow nor 

* Bre»er, ‘Arch. Expt Path.,* 1892, voL SO, p. 303. 

t Macalluiu and Benson, * Joum. Biol, Chem.,* 1909, vol 6, p 87. 

! Macallmn and Beueon, fee. otSf, 

§ <y, Gottlieb and Magnus, ‘ Arch. Exp. Path.,* 1901, vol. 45, p. SS3. 
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with the blood^preseure, as should be the ease were filtration the essential 
factor in determining the volume of the urine discharged from the kidney* 

In the third place we have very decisive evidence against the Ludwig 
theory in experiments designed to test the second assumption in that theory, 
namely that of reabsoiption. If this is a process which occurs extensively 
within the tubules, and we bring into play any factor which favours 
reabsorption, we ought to effect a diminution in the volume of 
urine yielded by the kidney. Such a factor is an increase in hydro- 
static pressure within the ureter, tending to prevent the outflow of 
urine. All that is necessary is to make the kidney discharge against a 
small pressure. The experiments carried out by most experimenters 
upon these lines have indeed yielded results which may he interpreted as 
indicating increased reabsorption. But we may urge as a general criticism 
against such results that the degree of decrease of urine flow is suri^risingly 
small when we remember how essential it is according to Ludwig's theory to 
assume that reabsorption is excessively free. The kidney working against 
even a small hydrostatic pressure ought to show far greater reabsorplion than 
was actually obtained. But the whole idea of reabsorption as an active pro- 
cess in the formation of urine has been completely disproved by Miss Cullis 
and myself,^ for we were able to prove that decrease in rate of the urine 
flow when a kidney was made to secrete against a pressure was only a 
universal result when the animal was under an anflosthetic, and that if the 
animal were pithed and the experiment then performed in the absence of 
an anajstbetic, the kidney working against a small pressure always excreted 
more salt and usually more water than the opposite kidney .f The action of a 
pressure then tends to excite the kidney to greater activity, a result which 
entirely disproves the possibility of reabsorption being an extensive factor 
in the normal formation of urine. 

Yet another point which militates greatly against the idea that the 
glomerulus is a filter is tlie behaviour of the kidney after temporary 
asphyxiation. If the renal artery be clamped for one minute and then 
released, the kidney does not at once begin to secrete, although the blood 
flow returns at once. It is only after a variable, but usually considerable 
delay that the kidney restarts, and at first the urine flow is very slow, 
only gradually returning to a , rate comparable to the initial flow. If the 
artery has been clamped for any length of time the urine first collected after 

* Brodie and CuUia, * Joum. of PhyaioL/ 1006, vol. 34, p. 224. 

t Subsequent to these experiments I have found that, under t^e same conditions, the 
blood flow through the kidney is not altered by the small rise in ureter pressure employed 
b our experiments. 


2x2 



574 


Prof. T.O. Brodie. 

the re-estftbliBhraent of the circulation contains protein, casts, fuemcglolt^, 

indicating considerable damage to the renal epithelinm, either of the tnhnles 
or of the glomeruli or of both. But even if the glomerular epithelium be 
damaged it is inconceivable that this should temporarily abolish all the 
filtering properties it formerly possessed, and it is just as difficult to under- 
stand why the recovery of its power to filter should occur so gradually when 
the asphyxiation is arrested. 

Let us next turn to the evidence that has been sought in favour of Ludw^'s 
theory from experiments upon the maximum ureter pressure. One of the 
earliest attempts to associate the formation of urine directly with the blood- 
pressure was a measurement of the maximum height to which the kidney 
could force the urine up a vertical tube. As is well known, in the case of 
the salivary gland, the gland can secrete water to a pressure exceeding tlmt 
of the blood in the carotid artery, a clear indication that a new force, 
viz., one exerted by the salivary gland cells, is at play in producing the 
result. But in the case of the kidney the result is very different. For the 
maxirniim ureter pressure always lies below the aortic blood-pressure, and 
usually some 30-40 mm. Hg below that pressure. The results were therefore 
interpreted by supporters of the filtration theory as indicating that as soon 
as the pressure within Bowman’s capsule reached a point some 30 mm. Hg 
below the glomerular blood-pressure, filtration ceased, and Starling* explained 
the difference between the aortic pressure and the maximum ureter pressure 
as being the pressure difference necessary for the separation of the blood 
proteins from plasma, for he estimated the osmotic pressure of the blood 
protein at that amount. It has since lieen shown, however, that the protein 
osmotic pressure is certainly much less than this. Moreover Starling failed 
to allow for a loss of pressure between the aorta and the glomerular 
oapillaries. Without doubt the loss of pressure between these points is lees 
than in the case of ordinary oapillaries, for the resistance in the kidney arterioles 
when dilated is certainly much less than at most points on the systemio 
circulation. As I shall show later, the maximum ureter pressure as ordinarily 
taken is a measure of the blood-pressure in the glomerular capillaries. 

But a still more difficult problem is offered to those accepting the filtration 
theory in explaining these experiments. As was first pointed out by 
Hoidenhain.t upon the Ludwig theory the maximum ureter pressure should 
be that pressure which just suffioes to effect complete reabeorption of all the 
glomerular filtrate. Upon the theory we are to imagine an absorbing surface, 
oa^Mible of absorbing water, chlorides, urea and most of the bodies filtered in 

* Starling, ‘ Jonm. of PhyaoL,’ 1899, vol. 84, p. 817. 

t Heidenhaiii, ‘ Heraiann’a Hdb.,’ vol. 6, p. 387. 
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tmne At a very fast rate, Stich an absorbing stirface would be influenced, as 
indeed is usually assumed by the supporters of Ludwig’s theory, by a rise in 
pressure of the fluid at the surface. It then becomes very difficult to explain 
how the ureter pressure could ever be driven so high as is usually observed, 
especially when, we remember that the rise in pressure can be effected with 
great rapidity. 

Yet another result obtained in these exi>eriment8 upcm maximum ureter 
pressure is very s^ifioant. I have found tliat the maximum ureter pressure 
is practically the same whether the kidney be made to secrete a moderate 
amount of urine or a very large quantity. If reabflorption be a very active 
process, then the maximum ureter pressure in the latter case ought to Ik 3 
distinctly higher than in the former. As a matter of fact, it is not. 

Taking everything into accoimt, therefore, I have very grave doubts as to 
the occurrence of reabsorption in the tubules, and I am sure, if it does take 
place, that it is insignificant in comj)arison to that demanded by Ludwig’s 
theory. 

The Funetim of the Glimertdm, 

Arriving then at the conclusion that the filtration theory was incorrect, I 
came back once more to the old problem : How are we to explain the very 
irecuUar and characteristic structure shown by the glomerulus ? I finally hit 
upon tlie idea that it was simply a means of utilising the blood-pi'essure for 
setting up a pressure head sufficiently groat to drive the unne secreted at 
the glomerular surface down the tubule. To expvem this idea I term the 
glomerulus a propulsor. As is abundantly proved, the main volume of the 
water of the urine is secreted into the capsule of the glomerulus. To drive 
it from the capsule down the tubule requires a definite pressure-head. 
Whence is this pressure head derived ? My view is that the intraglomerular 
blood-pressure is transmitted directly through the thin-walled glomerular 
loops to the fluid which has been secreted into the capsule, and thus a 
pressure is communicated to the fluid sufficient to force it down the tubule. 
To test this view, let us imagine that a certain amount of fluid has accumu- 
lated within Bowman’s capsule. The problem then becomes ; How is that 
fluid dischai'ged down the tubule ? If we know the number, length and 
lumina of the tubules, and the total amount of fluid leaving the kidney within 
A given time, it becomes easy, to calculate the pressure-head which must 
have existed within each capsule in order to drive the fluid out of the kidney. 
It is simply an application of Poisseuille's law. I therefore perfonm^d two 
experiments nyon the following lines. An active diuresis was established 
in on ansesthetised dog, and the rate at which urine was being discharged 
from one of the kidneys was determined. The pedicle of the kidney was 
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then ligatured and the kidney fixed entire in lO-per-cent. foiinaJin eohiteD. 
After fixation the whole kidney was out into slices each about 7 rain, thick. 
The medulla was carefully separated from the cortex, and the latter collected 
and weighed. Next three small pieces of the cortex, selected from 
different regions of the kidney, were weighed separately. These were 
imbedded in paraffin and serial sections mounted. The sections wore about 
8/* thick. The next j)oint was to determine the number of sections through 
which a single glomerulus extended. For this purpose ten glomeruli were 
followed through the series, and the mean number of sections through which 
one glomerulus ran thus ascertained. Lastly the total number of glomeruli 
in each section was counted, and the total number for all sections, divided by 
the average number for a single glomerulus, gave the total number of 
glomeruli present in that block of cortex. Similar calculations were made 
from each of the other two pieces. Then, knowing the weights of the three 
pieces and the total weight of the cortex, the number of glomeruli in the 
whole kidney was obtained.* The first dog weighed 11 kgrm., its right kidney 
weighed 34 5 grm.,and the total number of glomeruli was 142,000. A kidney 
of a second dog, weighing a little over 8 krgm., contained 125,000 glomeiuli. 

Employing a different method, Peterf calculated the number of glomeruli 
in the dog’s kidney as 300,000. He does not give the weight of the kidney, 
nor does the method he employed appear to me comparable in accuracy with 
that above described. I have not been able to find any further record of 
enumerations of the glomeruli in the dog’s kidney, and 1 wish to acknowledge 
my great indebtedness to Miss M. G. Thackrah for carrying out this very 
tedious piece of work. 

Measurements of the lumina of the tubules in their several parts were 
now made, as also approximate estimates of the lengths of the tubules based 
upon the measurements of Peter. 

The average results obtained from these measurements in the case of the 
first kidney were : — 

Length. Diameter. 


cm. It. 

Proximal convoluted tubule 1-2 12 

Loop of Henle — 

Descending limb 0‘9 10 

Ascending limb 0‘9 9 

Distal convoluted tubule 0*2 18 

Collecting tubule 2*2 16 


* This is practically the method originally adopted by Hus<4ike in l8Se (* Isis,' vol. 91, 

p.ft 60 ). 

+ Peter, 'Verhandl. D. Anat. Ges., WUntburg,' 1907, p. 190. 
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The ^uTesis at the time Uie kidi^ey pedicle was ligstuted was 1 0 . 0 . per 
minute. 

From the formula for the flow of liquids along narrow tubes 
p =s &lt)l7rr* times flow in cubic centimetres per second dynes per square 
centimetre, 

where I is the length of the tubule in centimetres, 

7} is the ooefiftcient of viscosity, and 
r is the radius of the tube in centimetres. 

Taking t) as 719 x 10“*, the coefiioient of viscosity of water at SS® C., we 
have 

p ^ 8 x 71^x10 ° ^ ^ ^ ^ ppj. centimetre, 

r being now expressed in microns ; or 
8x719x7 in, I 


. 10' . - mm. Hg. = 1*611 x 10* x ^ mm. Hg. 

OO'JS r* T* 

Consequently, for a flow of 1 c.c. per minute, 


^ 22"x6xi42xl333 


It. mm. Hg. 
p per centimetre of tubule, when r =s 4*6, = 39*29, 

r=r 6, == 26*78, 
»**=6, =12*43, 
r = 8, = 3*93, 
r = 9, » 2*46. 

Hence pressure-head required for — 

mm. Hg. 

Proximal convoluted tubule = 1*2 x 12*43 = 14*916 

Loop of Henle — ^ 

Descending limb = 0*9 x 26*78 = 2,3*212 

Ascending limb = 0*9 x 39*29 a* 35*361 


Distal convoluted tubule 

= 0*2x 

2*46 = 0*492 

Collecting tubule 

= 2*2 X 

3*93= 8*646 

Total pressure-head. . 

82*627 

In the case of the second kidney, with 126,000 tubules, the measurements 

were:— 

Length. 

oni. 

Di&meter. 

Proximal convoluted tubule.. 
Loop of Henle — 

.... 1*0 

12 

Descending limb 

.... 0*8 

10 

. Ascending limb 

.... 0*8 

10 

Distal convoluted tubule 

0*2 

18 

Collecting tubule 

.... 2*0 

8 


And) with a diuresis of 0*85 o^o. per minute, the ptewure-head required works 
o«t to 74*1 mm. Hg. * 
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1 do not wish to lay too great a stieea upon the aotual preaswe'bead tbuii 
obtained, for the possible errors in the measurements are many. It iSi foi^ 
instance, impossible to obtain anything but an approximation to tBe leugtht 
of the successive portions of the tubule, and also the measurements of their 
lumina can only be approximate, for they are undoubtedly altered daring 
fixation. Also I have supposed all the tubules to have equal lamina, apd 
have neglected to take into account those tubules which were at rest. To 
obtain the total pressure within Bowman's capsule a factor for the velocity 
head should be added to the pressure-head already calculated, but it is so 
small that we may omit it. (The mean velocity within the narrowest portion 
of the tubule amounts to about 1 mm. per second.) 

The important point is that during an active diuresis a pressure-head of 
the order of 80 mm Hg. may be needed within Bowman’s capsule to drive the 
fluid secreted there down the tubule. 

The mean aortic blood-pressure in the first experiment was 120 mm. Hg, 
and in the second 115 mm. If we allow 80-35 mm. Hg as the loss of 
pressure-head betweeii the aorta and the glomerular capillaries when the 
afferent glomerular vessels are dilated, the blood-pressure within the capillary 
loops would amount to 90-85 mm. Hg in the first experiment, and 85-80 mm. 
in the second. Hence, on these figures, practically the whole of the blood 
pressure-head is required to set up a pressure-head in the fluid within the 
capsule sufiBcient to drive the secreted fluid down the tubule. Bearing in 
mind that the estimates given are only approximate^ I condude that the 
pressure-bead witliin Bowman’s capsule only differs from the pressure-head 
within the glomerular loops by the pressure required to stretch the walls of 
the loops. This latter probably does not amount to more than one or two 
millimetres of mercury. 

If in the light of these arguments we criticise once more the assumptions 
made by Ludwig’s theory, we see that that theory becomes less tenable than 
ever. ' In the first place, when the kidney is secreting water at its fastest 
rate, the pressure difference available for filtration is reduced to a minimum 
At lower rates of secretion, of course, a pressure difference might be available. 
In the second place, the assumption must be made that the volume of water 
discharged from the glomerulus is from 30 to 70 times greater than the 
volume of water entering the pelvis of the kidney. Hence a very much 
greater pressure-head would be required to drive that fluid down the tubule, 
though not 30 to 70 times greater than the pressure required to drive a 
volume equal to that of the discharged urine, since the fluid has to be driven 
only as far as the absorbing surface. But as the absorbing sarface would 
have to be taken as extending at least to the end of the ascending limb of 
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the loop of Henle, along considerably more than one-half df the whole 
tubu!e» and the whole length of the narrowest part of the tubule, the pressure- 
head required would be enormous, certainly many times greater than the 
glomerular blood-pressure. We should, therefore, be compelled to ascribe 
to the cells secreting the water the power of settingup a very high hydro- 
static pressure, and all the evidence is strongly against any such view. A 
pressure within Bowman's capsule greater than the blood-presstire would at 
once lead to the closure of the glomerular looj)s and arrest of the circulation. 
This is the main reaeon why neither the cells of Bowman's capsule, nor these 
covering the glomerular tufts, nor those of the convoluted tubule, possess the 
power of setting up a hydrostatic pressure. 

The quantity of energy imparted by the blood to the glomerular secretion 
is only a small percentage of its total amount. Thus if V be the minute 
volume of blood flowing through the glomerulus, and v the minute volume of 
glomerular secretion, then V c.c. of blood enter the glomerular caj>8ule, and 
V—i) c.o. leave it. If p be the pressure-head in the glomerular loops, the 
pressure energy of the blood entering is Vp, and that of the blood leaving is 
(V ^v)p. The pressure energy communicated to the glomerular secretion is 
vpt and the ratio of this to the total pressure energy of the blood as it enters 
is t?/V. In the dog's kidney V may have any value from 200 to 600 c.c., and 
from 1 to 2 c.c. at the height of a diuresis. Thus the pressure energy given 
up by the blood lies somewhere between 1 and 016 per cent, of its total 
pressure energy. 

Histological Evidence, 

In the next instance the test applied was that of microscopical examination 
of the kidney after varying degrees of activity. If during diuresis fluid is 
being forced at a considerable pressure from Bowman's capsule down the 
tubule, evidences of the action of this pressure should be indicated by changes 
both in the glomenilus and in the tubule. It is very remarkable that 
throughout the literature the accounts of changes in the glomerulus following 
activity are so scanty, and many authors state that no changes whatever are 
to be found I^amy and Mayer). Mackenzie and I therefore examined a 
number of kidneys excised after diuresis . had been induced under various 
conditions, and found that decided changes are produced in the glomerulus 
and tubule. We further found abundant evidence proving that the tubules 
have been subjected to a high internal pressure. The full details of these 
changes are given in a separate paper.* The general results are as follows 
. On comparing a resting kidney with one that has been thrown into activity 

* Vtde p, m, 
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by the injection of any diuretic which caases a free flow of water, the 
differenoes between both glomeruli tmd convoluted tubules are of the moi^ 
striking character. These differences are illustrated in figs. 1 and 2, 
which show the changes in the cortex under a low magnification. The 
important points are the following : — In an active kidney the glomeruli are 
always separated from tlie capsules, and usually there is a considerable 
accumulation of fiuid in this position. The capsule is always rounded, 
whereas in the resting kidney the capsule lies in contact with the glomemlus, 
and the whole structure is usually irregularly polyhedral in i^ape. * In an 
active kidney, in contradistinction to the resting, the individual loops of the 
glomerulus are frequently separated from one another and stand out clearly. 
The glomerulus also has a very characteristic vacuolated appearance, due, we 
think, to dilated capillaries, from which the red blood corpuscles have in 
some way or other been removed or destroyed, possibly po«< mortem. 
When examining two such kidneys under a low power of magnification the 
contrast is most striking. In the resting kidney the glomeruli are far from 
conspicuous, and have to be sought for. In the active kidney, on the other 
hand, they stand out at once as the most conspicuous objects in the field of 
view. 

The changes in the tubules are just as striking. Whereas a resting proximal 
convoluted tubule possesses no lumen, one in activity has a large lumen. This 
is true both of the proximal and the distal tubules. Moreover, in the resting 
kidney the tubules are very much twisted on themselves and form very 
complicated foldings, whilst in the active kidney the appeaianoes indicate 
that the tubule is as far as possible stra^htened out. All these several points 
prove quite clearly that the tubules have been subjected to some high fiuid 
pressure from within. 

The changes accompanying activity are strikingly emphasised when we 
measure the diameters of these several structures. In the case of the 
glomeruli and capsules, in addition to measurements in diameters at right 
angles to one another, approximate calculations of their volumes were also 
made. 

In one experiment which we may take as typical we obtained the following 
results: — ‘ 

Bmting, Alter aotivity. 

Volume of capsule. 83* 220 

„ glomerulus 80 111 

„ fluid in capsule 3 109, 

* These figuree can be converted into cubic millimetree by inaltiplying them 
by4’«xl0-». 
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The differences are therefore very great The capacity of Bowman's 
capsule in the active kidney is nearly three times that of the capsule in the 
resting kidney, chiefly on account of the big accumulation of fluid within the 
capsule. 

The volume of the glomerulus has also increased, though only by 40 per 
cent, Such measurements prove, therefore, that both the glomerulus and the 
capsule of Bowman are extensible structures, and that a considerable volume 
of fluid accumulates in the capsule during activity. 

In drawing deductions from these measurements, full attention must be 
paid to possible alterations occurring after the kidney is excised. To obviate 
change as far as possible in these experiments, the artery* vein and ureter 
were ligatured close to the hilum at the instant the experiment was to be 
stopped, using a single coarse ligature. The kidney was then excised, rapidly 
weighed, and placed at once in the formalin fixative. If active diuresis were 
ill progress, the kidney at the moment of ligature was hard and tense, but 
within a few seconds after application of the ligatuie became quite soft, chiefly 
on account of escape of blood through the Capsule. We found it impossible 
to avoid this. The question therefore arises : Does this fall of tension within 
the kidney substance involve a change in distribution of the fluid contained 
within the tubule and capsule ? It is possible, for instance, that fluid is forced 
back from the distended tubule into the capsule. Possibly this may be the 
cause of some of the increase in volume of the capsule seen in our experiments, 
but the changes are too great to be wholly, or even largely, explicable in this 
way. There is yet another pod^mort&m change we think possible, viz., that 
before the fixative has time to penetrate and reach the glomeruli, the cells 
forming the loops die and permit osmotic effects to take place tlu'ough them 
between the fluid in the capsule and the blood. Fluid would pass into the 
blood, and we think it possible that this fluid is so low in salinity as to lake 
some of the corpuscles, thus producing the vacuolated appearance described 
above. 

In the same experiment the measurements of the diameters of the proximal 
and distal convoluted tubules and of their liimina were as follows : — 



Basting. 

Active, 

Proximal convoluted tubule — 



Truneveree diameter 

„ 44-0 

430 

Lumen, diameter 

Distal convoluted tubule— 

00 

19-4 

Transverse diameter 

.. 25 4 

81-8 

Lumen, diameter...... 

,. 11-0 

21-8 
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Thifl ie fairly typical of the results obtained in all our experiaients* We 
found it to be practically a universal rule that the external diameter of the 
proximal convoluted tubule remained unaltered, or showed but a slight 
increase or decrease. The marked change during activity is the production 
of a big lumen within the proximal tubule. The idea given by an examination 
of the sections is that the loops of the convoluted tubule have been opened 
out and stretched in length. They are in nearly all instances circular in 
outline, and invariably, as just stated, there is a very wide lumen. The distal 
convoluted tubule in contradistinction is nearly always increased in diameter 
in the active state, and the lumen greatly increased, often doubled, although 
this tubule has invariably a rather large lumen even in the resting kidney. 

We have not yet carried out a sufficient number of measurements of the 
remaining portions of the tubule to warrant us making any decided statement 
as to the changes they undergo. It is clear that the limbs of the loop of 
Henle are both distended, and often the collecting tubules show very distinct 
expansion. 

The next moditioation in our experiments consisted in comparing the two 
kidneys after active diuresis, one kidney having been previously stripped of 
its Capsule. 

The kidney is very characteristically enclosed in a strong and 
practically inextensible Capsule*, and my view of the meaning of 
the glomerulus offers an explanation of that fact. As fluid is 
secreted into Bowman’s capsule by the epithelium covering the 
glomerular loops, and possibly also by the epithelium of the capsule, 
the blood-pressure acting within the glomerular loops is transmitted dii'ectly 
to that fluid and through it to the wall of Bowman’s capsule* This latter, 
as we have seen, is extensible and might be ruptured if the distension 
were carried too far. Again, fluid is at once forced into the convoluted 
tubule, and that also might be ruptured if overdistended. To prevent any 
dangerous overdistensiou the whole of the structures are enclosed in a fim 
Capsule. That this distension does take place on activity is amply proved in 
a variety of ways. Firstly, as shown above, the histological appearances 
demonstrate it. Secondly, if in an experiment we excise one kidney at the 
comtnencemeut, then excite diuresis, and at its height ligature tlie pedicle of 
the other kidney to prevent escape of urine from the tubules, and we then 
weigh the two kidneys, the latter often shows an increase in weight amount- 
ing to about 30 per cent. This increase in weight is not due to blood, for 
on excision the blood escapes more readily from such a kidney than from a 

* In oidtsr to avoid confusion between the Ospsiik df the kidney and Bowman's 
capiuk, I will when referring to the former distingiiM It by a capital 
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mtiog kidney. In the third piece I have often observed the following 
changes during the course of an oncometric experiment, viz., a large 
increase in the volume of the kidney, a free flow of urine, but a decrease in 
the rate of blood flow through the kidney. Here the plethysmographic 
increase is due to on accumulation of urine within the capsules and tubules. 
Lastly, if we examine a kidney at the height of a diuresis we always find it 
very hard and tense. The Capsule is distended to its fullest degree. If we 
attempt to make such a kidney expand still further by temporarily clamping 
the vein we fail completely. We see then that some of the tension set up 
by the blood-pressure in the glomeruli is transmitted through the capsule 
wall and the walls of the tubules to the general renal tissues. How much 
pressure is thus transmitted depends upon the lesistance to distension offered 
by Bowman^s capsule and the walls of the convoluted tubules. Their 
structure, particularly that of the capsule, indicates that they probably offer 
a fairly considerable resistance. We could get an estimate of this by finding 
the difference between the blood-pi*e88ure in the glomeruli and the general 
tension of the kidney substance within its Capsule. I made some attempts 
to measure this latter during active diuresis, bub at present have not obtained 
any very accurate results. As far as they go they indicate a tension of about 
40 mm. Hg. 

If this be the true meaning of the kidney Capsule then, if we remove it 
before exciting diuresis, the kidney ought to expand still further as compared 
to the intact one, and the amount of tliat further expansion should dejwnd 
upon the general rigidity of the kidney substance and the amount of con- 
nective tissue it contains. Our experiments proved this to be the case. The 
weight of such a kidney compared to one with the Capsule untouched was 
always greater, especially in the rabbit's kidney. In the cat there ai’e 
a number of incomplete septa running transversely towards the 
hilum, and on active diuresis the kidney substance bulges notably between 
these, giving the appearance of constricted grooves in the bottom of which 
veins run. This relatively greater increase in volume of the kidney as a 
whole is also found in the several parts of the tubule, and when we measured 
the tubules and glomeruli in such kidneys, the differences were very distinct. 
For inataaoe, in one experiment the right kidney was untouched, and the left 
decapsulated. The following approximate volumes of the capsule and 
glomerulus after diuresis were obtained :~ 

E. L. 

Volume of capsule 206 267 

„ glomerus f 128 151 

fluid .............. w.. 27 106 


II 
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The diameter of the tubules 'eras as foUbws 


Proximal convoluted tubule — 



External diameter 

.. 44-8 

48-0 

Lumen 

Distal convoluted tubule— 

.. 130 

19*8 

External diameter 

.. 33-2 

39*2 

Lumen * 

.. 24-8 

292 


The expansion then is found in all parts, and is obviously brought about 
by a distending force acting within the tubules. 

Yet another means of testing the theory which presented itself was to 
observe the effect of obstructing the exit of urine down the ureter. In the 
first set of experiments a diuresis was set up, and at its height the ureter on 
one side was suddenly clamped. Five to fifteen minutes later the two kidneys 
were exposed, their condition noted, and. then the pedicles ligatured as close 
as possible to the hilum. The kidneys were then removed and weighed. As 
was to be expected, a kidney obstructed in this manner is very distended and 
tense within its Capsule. The weights found in one experiment in which the 
right kidney was obstructed at the height of diuresis, and the left secreting 


freely, were as follows : — 

grm. 

Weight of R. kidney 16‘5 

„ L. kidney 13-5 


The right kidney was very tense, appeared almost bloodless, and was 
distinctly lobulated. The left kidney was distinctly softer than the right 
and also more vascular. The approximate volumes of the capsules and 
glomeruli were : — 


L. K 

Volume of capsule 86 146 

„ glomerulus 69 89 

fluid 17 57 

The measurements of the tubules were : — 


Proximal convoluted tubule — 



External diameter 

39'2 

39-4 

Lumen 

6-6 

140 

Distal convoluted tubule — 



External diameter 

22*8 

28'2 

Lumen 

12-6 

18-4 
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Lastly, in an experiment in which an obatruoted kidney was compared to 
a docapsulated one we found that the former procedure produced more effect 
than decapsulation. 

Mcutmiim Ureter Prmure , — ^Another series of observations which receive 
a satisfactory explanation is that in which the maximum ureter pressiire is 
measured. According to my theory, fluid should be forced out of the tubules 
only when the pressure within the ureter lies below the maximum glomerular 
blood-pressure. This of course assumes that the tubular epithelium in 
secreting does not set up any appreciable hydrostatic pressure. From this 
point of view the measurement of the maximum ureter pressure should be a 
means of determining the intraglomerular blood-pressure, always supposing 
that none of that pressure is taken up by the walls of the glomerular loops. 
Now the measurements of the maximum ureter pressure fit in perfectly witli 
this conception. In an animal whose aortic blood-pressure is about 120 mm. 
Hg, the maximum ureter pressure is usually found to be somewhere between 
80 mm. and 90 ram. Hg, that is, a loss of pressure-head of some 30 to 40 
mm, Hg occurs between the aorta and the glomerular capillaries. This is 
distinctly less than is the case for most systemic vessels, and fits in well with 
our knowledge of the relatively wide and short path of the blood stream from 
the aorta to the glomerulus. We have only to recall how fast the blood may 
flow through the kidney to realise that the glomerular capillary pressure 
during activity must stand at a greater height than the ordinary systemic 
capillary pressure. 

Let us then return to a general restatement of the whole problem. I 
have given evidence that the glomerulus, Bowman^s capsule and certain parts 
of the tubules are elastic structures, and that their overdistension is prevented 
by the general inextensibility of the connective tissue framework and of the 
Capsule. Consequently as soon as fluid is secreted by the glomerular surface 
into the capsule, the glomeinilar capillary pressure comes into play, and some 
part of that pressure is transmitted through Bowman's capsule to the tubules 
immediately outside. Then as the secretion continues to accumulate, the 
kidney expands to fill the Capsule, and the pressure within the Capsule 
teaches its maximum. Hence we may regard the glomeruli as a number of 
expanding vascular tufts, lying within a space which cannot expand beyond 
a certain point, consequently the expansion of the glomeruli expels any fluid 
free to move outwards. It is as if we were dealing with a sponge work filled 
with fluid, and enclosed in a capsule which it completely fills. Distributed 
through the sponge are a number of elastio structures which can be expanded 
by a fluid pressure acting from within, their expansion necessarily oompressii^ 
the sponge, is, expelling the fluid from between its interstices. This analogy 
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is of course incomplete, in that it takes no aoooont of the tabular sttuoture 
and the facts that the pressure is set up in the fluid within the tubnlee and 
that the walls of the tubules offer some resistance to expannen. The firet 
effects of the glomerular pressure will therefore be to distend the oapsule 
and the first convoluted tubule, i.e. to increase its lumen, thus offering less 
resistance to the flow of flirid along the tubule. In this distension the pulsa- 
tion of the glomerular vessels is probably utilised. Also the more rapid tbe 
flow along tbe tubule the greater the pressure gradient, and the smaller 
the pressure transmitted through the walls of the tubules to the 
general kidney substance. We must therefore expect to And a distinct 
difference between the intratubular pressure and the intra-Oapsular pressure, 
and while fluid is moving down the tubule the two could only be equal at 
the point where the tubule leaves that part of the kidney substance where 
the pressure is raised. This region is limited as we shall see by the branching 
arches of the renal vessels in the intermediate zone. 

There is yet another feature of the renal structure and form which is 
capable of interpretation by this theory. This is the general shape of the 
mammalian kidney, so typical as to give its name to all structures in any 
way resembling it. The kidney is very typically constructed of a cortical 
mass enveloping a medullary portion. The blood-vessels form a set of archee 
between these two i>art8. My suggestion is that this arched system of 
vessels forms a more or less rigid base upon which the cortex lies. Conse- 
quently when, in activity, the pressure in the general renal tissue rises 
through the activity of tbe glomeruli it is restricted in the first instance to 
the cortex. The cortex, so to apeak, beoomes compressed between the rigid 
Capsule and the firmly distended arterial arches. From this general pressure 
the medullary portion is relieved, and it is a most significant fact that the 
loops of Henle lie within this region, where there is probably but little 
external pressure. Apparently, then, the difference in state between the 
tubules in the cortex and those in the medulla is that there is a high 
pressure on both internal and external surfaces of the tubules lying in the 
cortex, whereas in the medulla the pressure may beating: chiefly, possil>ly 
entirely, from the inner surface of the loops only. In this connection 1 have 
frequently observed the following most notable result : — If at tiiie height ef 
a diuresis whilst urine is flowing freely the ureter be ligatured, and after 
about 20 minutes the pedicle be tied off and fhe kidney removed, it will 
be found that the pelvis is widely distended with fluid, utd usually the 
pyramid is compressed towards the cortex until it forms an almost 
insignificant structure projecting into tiie oarity of the pelvis. ffistO- 
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logically the tubules within such a collapsed pyramid are observed to be 
flattened and empty. 

It is possible that some or even all of this compression might be po$t 
mortem^ but I think that it is ante Tnortem, since it is only found if sufficient 
time be allowed to lapse between the ligaturing of the ureter and the removal 
of the kidney. The longer the interval the more marked is the compression, 
I think the compression is produced in the following way : — After the ureter 
has been ligatured urine continues for a time to be expelled into the pelvis, 
and gradually the pressure there rises. Fluid will continue to be forced 
into the pelvis in gradually decreasing volume until the pressure reaches 
that of the glomerular capillary blood-pressure. The further distension of 
the pelvis and compression of the medulla is probably produced tlirough the 
pulsatory variations of pressure in the cortex. The systolic pressure, by 
the expansion of the glomeruli and arteries, suddenly raises the tension 
throughout the whole coitex ; this expels a little of the fluid from the 
terminal portions of the tubules into the pelvis, whose pressure then becomes 
greater than diastolic pressure. As the pressure falls in diastole a point is 
reached at which the cortical pressure is below the pressure in the pelvis, 
that is below the pressure in the fluid contained within the loops of Henle 
and the collecting tubules. Accordingly these latter are emptied or partially 
emptied into the cortical tubules, while the lower ends of the collecting 
tubules are compressed and act as valves, preventing any return flow from 
the pelvis up the tubule. In this way more and more fluid is gradually 
collected within the pelvis at the expense of the medulla. 

If, as I think is the case, we may divide the kidney substance into two 
parts, in one of which the whole tubule is exposed to a considerable pressure, 
both internal and external, while in the other region the pressure is largely 
within the tubule, the difference must have some important physiological 
meaning. It is most significant tliat the loops of Henle are carried down 
into this region of low external pressure. In different animals the loops of 
Henle show many diversities of form, more particularly in length, and it is 
certainly a striking fact that in some animals the major number of loops are 
short, and either lie completely within the cortex or only descend into the 
outermost portions of the medulla. It has been i)omted out that the animals 
with very short loops are those which secrete a dilute urine, whilst those 
in whidi the loop penetrates far into the medulla secrete a concentrated 
urine. Hence it may be that this loop effects a certain amount of absorp- 
tion, a function which would be aided by a pressure difference acting from 
within the tubule. 

To test my theory further, and in the hope of gaining some evidence of the 

von. txxxva-— B. 2v 
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sas 

reapeotive activities of the differeat parts of the renal apparatus* another 
series of experiments was performed, in which the action of diureties upon 
animals whose blood-pressure had been lowered by section of the spinal cord 
was tested. It was necessary to employ rabbits for these observations, since 
in both the cat and the dog the blood^pressure remains high enough after 
section of the cord to enable the kidney to secrete quite freely when a 
diuretic is administered. In the rabbit the blood-pressure falls to about 
30 mm. Hg, and even though we injected large doses of saline and other 
diuretics we never obtained a single drop of urine from the kidneys. The 
plan of experiment therefore was to excise one kidney some 10 to 20 minutes 
after division of the spinal cord, then inject the diuretic to be studied, arid 
half-an-hour later to remove the other kidney. In this way evidence was 
obtained indicating the point of action of various diuretics. Without going 
into the results in detail, I may state that the glomerulus is excited to secrete 
by most of the diuretics of the saline group. Thus activity was well marked 
after sodium sulphate, urea, or dextrose ; it was excited also by cafifeine, but 
completely absent after phloridzin. In the tubules the results were equally 
striking, especially in the case of phloridzin, and in a minor degree in the 
case of caffeine. In no instance wa« a large lumen produced, and the external 
diameters of tire convoluted tubules were only slightly increased. The contents 
of tire lumen cojasisted of fairly large secretion droplets, the droplets being 
enclosed in membranes which stained with Weigert's hsematoxylin, and fairly 
well with eosin. These results were chiefly observed in the proximal con- 
voluted tubule. With the low blood-pressure there was never the slightest 
indication of any marked distension of the tubule in any part of its course. 
The glomeruli were never found secreting very actively, but were always 
found separated from the capsular epithelium by a distinct though small 
accumulation of fluid. 

An examination of the embryology of the renal tubule bears out the views 
I have expressed. Originally, the excreting apparatus was a long tubule 
o|>ening at one end into the body cavity, and at tire other on to the surface. 
This tubule was lined throughout by a ciliated epithelium, which provided 
the necessary motor mechanism for the expulsion of the secretion. Later, the 
glomerulus was developed from the dorsal wall of the body cavity and received 
a large and important blood supply from the aorta. Possibly its original 
function was to secrete a watery fluid into the body cavity, and this in some 
way served the renal tubule. The arrangement of its vessels as large loops 
projecting from the ooelomio wall, even at this early stage, tends to indicate 
that it was employed as a means of raising the fluid pressure within the 
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ocelom. In the next stage of development that part of the body cavity which 
contained the orifices of the renal tubules and the glomeruli became largely 
constricted off from the rest, and by means of imperfect septa the glomeruli 
also became partially separated from one another. This indicates that the 
function of the glomerulus has now been restricted almost solely to work in 
association with renal excretion. Later, this becomes entirely the case by the 
complete separation of that portion of the ooelom from the rest. Each 
glomerulus then works in conjunction with a renal tubule, but at first the 
number of the latter is largely in excess of the former. The material 
secreted at the glomerular surface is now conducted entirely to the tubule, as 
is also any formed by the isolated portion of the ccelomic endothelium. It 
is very significant that os soon as the relationship between glomerulus and 
tubule is completed the latter loses its cilia, only the cells of the neck of the 
tubule retaining them in some animals. This indicates that some other 
mechanism for the propulsion of fluid down the tubule has taken the place of 
the ciliary movement. This, according to my view, is the propulsive action 
of the glomerular capillary loops. 

Previous Work Bearing wpon the Subject 

L. Hill, in discussing the general distribution of pressure through a soft 
and yielding animal tissue, arrives at the conclusion that filtration is an 
impossible mechanism at the glomerular surface. With much that Hill 
expresses in his paper on Filtration in the Living Organism/'* I am in 
complete agreement, but in several points I think he is incorrrect. Thus, 
he considers that the glomerular capillary pressure must be transmitted in 
undiminished amount throughout the whole renal tissue. This implies that 
the wall of Bowman's capsule is incapable of offering any resistance to 
extension, and similarly, too, for the walls of the tubule. Our measurements 
show, however, that while these structures expand, they offer resistance to 
expansion. They indicate that a higher pressure has been acting on the 
internal surface of the tubule than on the outer, and especially until a 
sufficient dilatation has been produced to make the kidney substance as 
a whole expand, and thus render the Capsule tense. From that point on, 
the tension in the kidney substance rapidly rises. I have found by measure- 
ments of the blood flow that at this point the blood flow falls, due, that is, to 
compression of the capillaries around the convoluted tubules and of the 
renal veins. The fact that the capillary system which originates this 
pressure consists of characteristic tufts which lie entirely within capsules 
is very significant. In certain forms of tubular nephritis, in which the 

^ * Biocbem. Joura./ 1906, vol. 1, p. 56. 


2 r 2 



590 


Prof. T* G. Brodie. 


tubules are blocked or obliterated, and have been so for a considerable tirne^ 
the capsules are often found distended to a volume even ten times greater 
than the nomal volume. In these cases the glomerulus is collapsed and 
shrunken to a minute structure, which appears as a mere projection into the 
swollen capsules. 

In my opinion, too, Hill does not allow a Buihcient fall in pressure-head 
between the glomerular capillaries and the tubule capillaries. The efferent 
blood-vessel of the glomerulus is of small diameter and fairly long. Hence 
with the exceedingly rapid blood flow observed during diuresis, there must of 
necessity be a considerable pressure difference between these two capillary 
systems. I cannot, therefore, agree with Hill's statement : “ The pressure of 
the secretion cannot be normally greater than the pressure in the veins, for 
otherwise the secretory pressure would compress the veins " ; nor, again, 
with the statement : “ The secretion moves onward, I take it, by phenomena 
of adsorption." 

At about the same time Pilehne and Biberfeld* reasoned that filtration at 
the glomerular surface was an impossibility, since there were no firm support- 
ing structures capable of resisting any pressure. They, too, consider that the 
glomerular capillary pressure is at once transmitted through the whole renal 
substance, leaving no pressure difference available for filtration through the 
glomerular surface. While agreeing with them that but a very minute 
pressure difference can exist between the glomerular blood-pressure and the 
pressure of the secreted fluid within Bowman^s capsule, I am in disaccordance 
with them, for reasons already stated, in their idea that the glomerular 
pressure is at once transmitted in undiminished amount to the general renal 
substance. 

Shortly after I had expressed my views as to the work of the glomerulus, 
Lamy and May erf published a paper in which they suggested that the 
glomerulus by its pulsation acted as a kind of heart, and by its piston-like 
movements drove the liquid forward in the tubule, and favoured its discharge 
by overcoming the friction and the capillarity of the tubule. They do not 
consider that the glomerulus plays any important part in the secretion of 
water. If it secretes any at all, this is in their opinion quite a minor 
rMe. According to them the glomerulus performs mechanical work solely 
by virtue of its pulsation, and consequently their view differs widely from 
mine. I am, in the first place, in wide disagreement with them in that I 
consider that the main bulk of the water is secreted by the glomerular surface. 
There is abundant evidence to prove this. I need only refer to the work 

♦ *PflUger*« Archiv/ 1900, vol 111, p. 1. 

t ‘ Joum. de Physiol./ 1906, vol 7, p. 060. 
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of Miss Cullis upon secretion in the frog’s kidney or to the results I have 
briefly described above upon secretion in the rabbit's kidney after division of 
the spinal cord. As is seen from what I have stated, the fact that the 
glomerulus pulsates has but little bearing, if any, upon its work in propelling 
the secreted water along the tubule. That pulsation is unimportant in the 
propttlsor action of the glomerulus is borne out by the fact that the urine 
flows quite freely along the ureter of an excised kidney perfused with fluid 
at constant pressure, and if in these cases the perfusing fluid be of correct 
composition, the kidney presents at the end of the experiment appearances 
exactly comparable to those found by Mackenzie and myself after active 
diuresis in the intact animal It is possible that pulsation may play a part 
in producing the primary dilatation of the convoluted tubule. In an artificial 
schema representing the glomerulus and tubule, I have found that the volume 
of fluid driven along the capillary tube by a pressure made to vary in imitation 
of the pulse variations is exactly the same as if a steady pressure at the mean 
height of the varying one is used. This indeed was to be expected from 
theoretical reasons. The value of a varying pressure only arises when the 
tubule along which the fluid is to be driven has first of all to be expanded. 

In conclusion, then, we may summarise what I have said in the following 
way 

The glomerulus is a secreting surface whose chief function is to secrete the 
main bulk of the water of the urine, but it is also thrown into activity by 
such substances as salts, urea, dextrose and caffeine. Its highly characteristic 
shape is to enable it to act as a means of setting up a pressure-head sufficient 
in amount to drive the secreted water down the long urinary tubule. The 
pressure originating from this is also transmitted in some degree through 
Bowman's capsule to the general tissues of the cortex, thereby exerting a 
pressure upon the external surfaces of all the tubules lying in the cortex. 
To what degree the pressure on the external surfaces of the convoluted and 
other tubules lies below the glomerular capillary pressure I am not yet able 
to state definitely. The fact that the convoluted tubules show such marked 
evidences of having been subjected to a high internal pressure certainly 
indicates a considerable diminution. I have also given reasons for believing 
that the general pressure conditions so typical of the cortex are non-existent 
in the medulla ; there, apparently, the internal pressure acts upon the loops 
of Henle in undiminiehed amount, and must be supported either by the 
basement membrane of those tubules, or by the general tmxxe of the medulla 
itself. At present the former seems the more probable. Lastly I have given 
evidence attained by the application of yet another method, which enables us 
* ^ Joum. of HiysioL,* 1906, vol. 34, p. 960. 
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to detemme from histologioal evidence the part of the orinary a^aanktos 
thrown into activity by the different urine exciting subatMioes. 

[Addmdmi. — Shortly after I delivered this lecture Wore the Boyal Society, letters 
appeared in the ^Lancet * and the *Bntidi Medical Journal ' by Mr. Wm, Woods Smyth, 
claiming that his brother, Dr. A. W. Smyths had over 30 years ago emticipated the views 
1 now expressed. Dr. Smyth’s views of the function of the kidney appeared in a 
pamphlet by Mr, John Gamgee, in the * New Orleans Medical and Surgical Journal * for 
May, 1S80, and were based up<m microscopic examination of the kidney, and upon the 
fact that the kidney pulsated with each heart-beat. As far aa 1 am aware, no reference 
to his views ]»as ever appeared in the literature upon the kidney. They concerned the 
glomerulus and the circulation through the kidney. He denies the existence of any 
“ connection )>etween the capsule of the Malpighian body and the inteiior of auriniferous 
tubule,” and also “ having observed that the hyaline memVirane, encloeing each glomerule, 
was unprovided with epithelium, essential to every secreting structure, Dr. Smyth 
^perceived that so delicate a sac wo\fld rupture, and the plexus be destroyed, if subjected 
'tg hydrostatic pressure, either during secretion or from accidental regurgitation.” But 
the main i>oint in relation to this lecture is his view of the mode of working of the 
glomerulus. This he de8cril>es in the following terms Every heart-beat is attended 
by turgescenoe of the glomerule. The loops, from their position and form, must swell 
outward and inward in all directions, and, constricting the efferent vessel, momentarily 
impede the blood’s exit. At each cardiac diastole, the arterial column sustaining the 
blood in its channel, the Malpighian loops recoil and fill the current in the secreting 
vaficular rete. And this is Dr. Smyth’s view of the special function of the Malpighian 
bodies, Tlieir alternate turgescence constituting a ^ rhythmic vascular impulse,’ a 
uniform, safe, and sufficient expelling pressure is maintained on the coiled tubes, and, 
indeed, on the whole excreting structure o^the kidney. Those acquainted with the 
laws which govern the flow of liquids can readily understand that the power required 
to maintain a circulation, beyond the coils of the glomerule, would be destroyed, if a 
mere physical transudation could occur through the loops, so well disposed to bring the 
very active pulsation to bear on the maiutenaneo of a circulation.” 

The unmistakable constriction of the efferent vessel, on the filling of each glomerule, 
causes an alternation between clearance of the tnbuli and the flow of blood in the 
secreting vascular rete. The glomerules ai‘e filled during the heart’s systole ; the 
secreting rete is turgid during the heart’s diastole.” 

Undoubtedly Dr. Smyth’s conjecture was in the right direction, but his erroneous 
conclusion that Bowman’s capsule did not open into the tubule, and the fact that he 
ascribed all the expelling power of the glomerulus to its pulsation, will indicate 
sufficiently the great divergence of his views from those I have expressed in my lecture.] 

DESCKIPTION OP PLATE* 

Fig, 1. ““Microphotograph of Cortex of Kidney of Cat, after period of rest, showing 
absence of lumen in convoluted tubules and irregular outline of glomeruli, 
xim 

Fig, 2.— Microphotograph of Cortex of Kidney of Cat, after sulphate diuresis, showing 
widely dilated tubules and distended capsules, which are now rounded and 
contain much fluid. The glomeruli are larger than in the resting kidney, but 
not filling the capsules, x 120. 
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The experiments described in this paper were designed to test the 
correctness of the view put forward by one of us,* namely, t^t the 
glomeruloB is a propulsor. If this view be correct, the marked dilatation 
of the tubules, which is so prominent a feature in a kidney after active 
diuresis, is simply the expression of the forcible distension of the tubule 
from within, effected by the discharge of fluid from the glomerulus down 
the tubule, the active propelling and dilating force being the intraglomerular 
blood • pressure transmitted through the glomerular capillary cells and 
epithelium. As, however, the condition of the glomerulus after active 
secretion has not been made the subject of extensive observation, it seemed 
probable that a thorough study of the alterations in size and appearance 
of both tubule and glomerulus might give many^points of importance in 
critioising the propulsion theory. Thus, if the capsule be free to expand, we 
may find it enlarged after active diuresis ; and again, if the propulsive action 
of the giomeruluB is complete and instantaneous, we should find the 
glomerulus filling Bowman’s capsule completely under all conditiona But 
it was also poEBible that, after a very free secretion of water, there might be 
a oonsidenble accumulation of fluid between the glomerulus and the capsule 
wall. We therefore measured the sizes of the capsules, the glomeruli and the 
tubules in kidneys, before and after diuresis had been set up under varying 
conditiona The more important of these states were : — 

1. The Iddney at rest. 

2. The kidney serareting freely. This we term an "active free” kidney. 

3. Deoapsulated and secreting freely. This we term an " active deoapeu. 
lated” kidney. The aim of the procedure was to test the explanation 
(ifibrad ky the theory as to the meaning of the Capsulaf 

f As in the Mtffss of this paper we shall be r^erriag oonstaotiy to the Cajole of tho 
kidney and to BoWmiui's eapen^ we will, in order to avoid neodbee repetition, diatingaiab 
between them by employl^ a capital letter whenever we refer to the fonner. 
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4. With the ureter ligatured. This we term an “active obstructed” 
kidney. 

We soon found that the different parts of the renal tubule, and more 
especially of Bowman’s capsule and the glomerulus, varied considerably in 
size in different animals, so that it is necessary in making comparisons to 
use only, in the first instance, opposite kidneys in the same animal. Hence, 
our series of experiments comprises each possible combination in the above- 
named types of experiments. 

All our experiments were performed upon cats amestbetised with a 
mixture of chloroform and ether. 

In all experiments, the kidney was removed and fixed in the following way. 
It was first carefully freed from subperitoneal fat, and a ligature then tied 
tightly around the pedicle close to the hilum. A second ligature was next 
tied around the pedicle a little nearer the aorta, and the pedicle divided 
between the ligatures. The object of ligaturing the pedicle was to keep the 
urine within the tubules, and as far as possible in the position it occupied 
at the instant of ligature. The kidney was dropped intact into a beaker of 
20-per-oent. formalin made up with 0*9 per cent. NaCl. The beaker and 
solution had previously been weighed, and it was now weighed a second 
time, giving the weight of the kidney. At the end of an hour, the kidney 
was sliced into thin sections, fixation in formalin completed, and the pieces 
imbedded and sections prepared. The following measurements were then 
taken: — 

1. An equatorial diameter of the capsule at right angles to the polar 
diameter. 

2. The polar diameter, i.e. one passing through the point of entrance of 
the blood-vessels. 

3. The greatest distance between the glomerulus and the capsule if the 
two were not in contact. 

4. The maximal diameter of a typical proximal convoluted tubule. 

5. The diameter of its lumen. 

6 and 7. Similar measurements of a typical section of the distal convoluted 
tubule. 

The glomeruli measured were taken at random, care being exercised only 
to measure those in which the section passed centrally. This was gen^lly 
fairly easy to attain by taking those which showed the point of entrance of 
the blood-vessel into the glomerulus. From these measurements, calculations 
were made of the approximate t^olumes of the capsule and the glomerulus 
respectively. To obtain these, we regarded the capsule os equal in volume 
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to a sphere whose diameter was the mean of the two diameters of the capsule* 
The figures representing volumes given in this paper were obtained by cubing 
the mean radius of the capsule expressed in microns, and dividing it by 1000* 
Hence, to convert the figures into cubic millimetres, they must be multiplied 
by 4*2x10“^. The glomerulus was also compared to a sphere, whose 
diameter was the diameter of the capsule minus the maximum space between 
the glomerular surface and the capsular surface* The difference between the 
two volumes thus ascertained gives us an approximate estimate of the 
volume of the fluid contained within the capsule. 

In measuring the tubules a section of a proximal convoluted tubule lying 
near to the glomerulus was selected, and that section of the distal convoluted 
tubule which lies close to the point of entrance of the vessels into the 
glomerulus. Hence the proximal tubule probably belonged to the glomerulus 
mefisurecl, and the distal tubule certainly did so belong* 

I. Coin/pariaon hetiveen a llc$ting mui an Active Kidney, 

A. The Glonicrulm and Cap&ule, — There are always marked differences 
between a resting and an active glomerulus. A resting glomerulus appears 
to be made up of a dense tissue closely packed with nuclei (fig. 1). The 
glomerular surface always lies in contact with the capsule wall, and the 
whole structure is usually irregularly quadrangular in outline* After 
activity the glomerulus stands away clearly from the capsule. The outline 
of the gloineruluB is lobular, and in structure it is much looser than the 
resting glomerulus (fig. 2). It also appears to be filled with large vacuole- 
like spaces approximately ciicular in section. The nuclei are well separated. 
As a rule the number of blood corpuscles contained in the glomerular vessels 
is quite small, far fewer than in the resting glomerulus. This we think 
may be due to the expulsion of the blood from the capillary loops after 
excision of the kidney, or to poBt-vwrtem laking of the corpuscles* The 
latter may be produced by the diffusion of water from the capsule through 
the walls of the capillary loops after the epithelial cells have died, and 
before the fixative has had time to act upon them. This would account for 
the very characteristic vacuolated appearance of the glomeruli already 
alluded to. 

We were never able to keep the blood in a kidney that was excised at the 
height of activity. At the instant of excision such a kidney is hard and 
tense, and instantly becomes soft when the first ligature is tied round the 
pedicle. This is even the case though the vein be first ligatured, and though 
the kidney may have been separated from its surrounding tissues before the 
diuretic was administered in order to give ample time for closure of the 
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many sma^ vegaelB passing through the Capsule. Even then there is a 
distinct escape of blood through the Capsule, and the cortex rapidly pales 
in colour as the tension falls. The greater the tension at the instant of 
ligature, the greater is this paling of the cortex, and the sections of such 
kidneys may show but traces of blood in any of the capillaries, and but little 
in the veins. 

The change in the shape of Bowman’s capsule when the kidney becomes 
active is very distinctive. It becomes circular or elliptic in section, and 
there is always fluid between the glomerulus and the capsule wall. In 
many instances we have noted one other highly suggestive appearance. 
This is that the first portion of the proximal tubule has, in cases in which 
a free diuresis was establi^ed, been distended so as to appear almost a part 
of the capsule wall. An instance of this is illustrated in fig. 3. It is a very 
clear indication that the capsule and the first part of the convoluted tubule 
have been subjected to a high internal pressure. There are further indica- 
tions, moreover, that the capsule has been distended to a size much larger 
than it appears in the section after fixation. The action of a high intra- 
capsular pressure also adequately explains the change of shape from irregularly 
quadrangular to spheroidal or ellipsoidal. 

B. I'he Tubules . — The contrast between the tubules at rest and after they 
have been in activity is just as striking, and in some particulars has already 
been described by several observers. In this paper we deal entirely with 
changes in the total diameter and in the hunen of the tubules, and, moreover, 
restrict our attention for the most part to the two convoluted tubules. 

The magnitude of these several changes is brought out by the following 
measurements taken from Experiment 10. The measurements are in microns, 
and each is the mean of 10 measurements: — 


Expt. 10. — E. kidney resting. L. kidney fi-ee. 


Hence 



K 

L. 

Glomeruli and capsules— 



Equatorial diameter 

108-4 

144-0 

Polar diameter 

78-4 

103-6 

Space 

3-0 

23-8 

Mean diameter capsule 

93-4 

128-8 

„ „ glomerulus 

90-4 

100-0 

Approximate volume capsule ... 

102 

237 

„ „ glomerulus 

92 

125 

» « fluid 

10 

112 
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Convoluted tubulee — 


Proximal. External diameter ... 

41-4 

41'4 

Lumen 

0-0 

17-6 

Distal. External diameter ... 

21*2 

32-4 

Lumen 

7-2 

20-6 

Weight of R. kidney 

gnn. 

... 10-9 


„ L. kidney 

... 16-2 



These figures show most clearly how extensive a change in size of the 
different parts of the renal tubule occurs when it is thrown into activity. 
Thus the capacity of the capsule is more than doubled (to 232 per cent.), 
chiefly because of the very large accumulation of fluid which has been 
secreted. The glomerulus is, however, increased to 136 per cent, of the 
volume of the glomerulus at rest. The diflTerences are in reality still more 
marked, for a glomerulus actually at rest has no space between the glomerulus 
and the capsule wall, whereas in the right kidney of this animal no less than 
7 of the 10 capsules measured contained fluid, though but small in amount 

We may conclude, then, that both Bowman’s oapsvUe and the glomerulus 
are distensible structures, and, further, that during activity the glomerulus 
does not remain in contact with the capsule wall, all of which strongly 
opposes the filtration theory of glomerular activity. These two conclusions 
are confirmed by every experiment we have performed. 

When we turn to the measurements of the tubules the changes are equally 
striking. The external diameter 6f the proximal tubule is usually unaltered, 
but, whereas the resting tubule has no lumen, the tubule after action has a 
lai^e lumen (43 per cent, of the total diameter). With the distal convoluted 
tubule the case is somewhat different. The total diameter is markedly 
increased (to 153 per cent.). The lumen of the resting tubule is 34 per 
cent., but that of the active tubule 64 per cent, of the total diameter of the 
tubule. Also, the lumen of the active tubule is 2‘86 times greater than that 
of the resting. Apparently, then, the basement membrane of the proximal 
convoluted tubule is practically inexteusible with the forces at play in this 
instance, whereas that of the distal convoluted tubule is extensible. In 
both tubules the cells are distinctly flattened against the basement membrane 
as a result of activity. 

II. Companaon bttmen a Matting and a Dasapmdaied Kidney. 

The measurenients obtained in an experiment of this character (Experi- 
ment 11) were as follows s-r , 
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Expt. 11. — B. kidney, resting. L. kidney, decapsolated and secreting 


freely. 

K. L. 

H. II. 

Glomeruli and capsules — 

Equatorial diameter 100'4 112’0 

Polar diameter 73'6 95'2 

Space 3‘0 14’6 

Hence 

Mean diameter capsule 87‘0 103*6 

„ „ glomerulus 84*0 89*0 

Approximate volume capsule 82 139 

„ „ glomerulus 74 88 

„ „ fluid 8 61 

Convoluted tubules — 

Proximal. External diameter ... 46*0 42*0 

Lumen 1*4 19*4 

Distal. External diameter ... 24*0 28*0 

Lumen 10*8 17*6 

grm. 

Weight of E. kidney 8*4 

„ L. kidney 10*6 


In this e.xj^riment the changes are entirely in the same direction as in 
the preceding, and the magnitude of the various changes is also approximately 
the same. If anything, the free kidney in the preceding experiment showed 
rather greater changes in comparison to the resting than did the decapsulated 
kidney of this experiment. The difiference is, however, accounted for by the 
fact that the diuresis in Experiment 10 was greater than in Experiment 11. 

The increase in volume of the capsule is to 170 per cent., of the glomerulus 
to 119 per cent. One notable difference is that in this experiment the 
external diameter of the proximal convoluted tubule was less after diuresis 
than when at rest. 

III. Oomfariaon of a Free Kidney with a Free DeeaymUded Kidney. 

Expt. 3 . — Jl kidney free. L. kidney free and decapsulated. 

B. L. 

/*• #»• 

Glomeruli and capsules — 

Equatorial diameter 135*2 142*4 

Polar diameter 100*8 112*0 

Space 16-2 20*6 
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Hence 


Mean diameter capsule 

1180 

127-1 

„ „ glomerulus 

100-8 

106-6 

Approximate volume capsule 

205 

267 

„ „ glomerulus 

128 

151 

» fluid 

77 

106 

Convoluted tubules — 

Proximal. External diameter ... 

44-8 

480 

Lumen 

13-0 

19-8 

Distal. External diameter . . . 

33-2 

39-2 

Lumen 

24-8 

29-2 

Weight of li. kidney 

grm. 

.... 20-8 


„ L kidney 

.... 191 



The two kidneys show the general changes of a diuresis in a well-marked 
manner. The experiment further shows that the effect of decapsulation is 
to cause a relatively greater expansion of both capsule and glomerulus. Also, 
the capsule is not so well emptied as in the normally active kidney. The 
difference in the dilatation of the convoluted tubules is again in favour of 
the deoapsttlated kidney. This is particularly seen with regard to the lumen 
of the proximal convoluted tubule. Whereas the ratio of the external 
diameter of the first convoluted tubule of the decapsulated kidney to that 
of the free kidney is 1 to 1*07, the ratio of the lumina is 1 to 1*53. 

Hence we may conclude that decai^ulation results in an increased 
distension of all the cortical parts of the kidney tubule when it is thrown 
into activity. 

In the next group of experiments one of the kidneys was obstructed. The 
group comprises three comparisons. 

IV. Comparison qf a Beating Kidney with an Obatruated Kidney. 

Expt. 12. — B. kidney resting. L. kidney obstructed. 



R 

L. 

Glomeruli and capsules — 

/*• 

f** 

Eqnatoiial diameter 

98-4 

130-4 

Polar diameter 

.... 76-0 

111-2 

Space 

1-2 

24-8 
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Hence 

Mean diameter capsule 

87'2 

120-8 


„ „ glomerulus 

860 

96-0 


Approximate volume capsule 

83 

220 


„ „ glomerulus 

80 

111 


„ fluid 

3 

109 


Convoluted tubules — 

Proximal External diameter 

44-0 

42-8 


Lumen 

0-0 

19-4 


Distal External diameter 

25-4 

31-8 


Lumen 

11-0 

21-8 


Weight of E, kidney 

„ L. kidney 

grm. 

... 7-7 

... 10-9 



The general changes are in the same direction as before. Perhaps the 
most marked difference between this and the previous kidneys examined is 
the large volume of fluid contained within the capsule, and the relatively 
small size of the glomerulus. Again, we note that there is no change in the 
external diameter of the proximal convoluted tubule, whereas the distal is 
extended to 125 per cent of its resting diameter. As illostrated by the 
lumina, a very considerable volume of urine is collected within the tubules, 
particularly in the distal tubule. 


V. Con^rismi qf a Fru Kidney with <m Oh^rwted Kidney. 
Expt. 6. — L. kidney free. E. kidney obstructed. 


Hence 



B. 

L. 

Glomeruli and capsules — 



Equatorial diameter 

99-6 

110-8 

Polar diameter 

77-2 

100-0 

Space 

6-2 

16-0 

Mean diameter capsule 

88-4 

105-4 

» „ glomerulus 

82-2 

89-4 

Approximate volume capsule. 

86 

146 

» „ glomerulus 

69 

89 

>. „ fluid 

17 

, 67 
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Convoluted tubules — 

, Proximal. External diameter ... 39*2 89'4 

Lumen 6-6 14*0 

Distal. External diameter ... 22-8 28‘2 

Lumen 12’6 18'4 

grm. 

Weight of L. kidney 13'5 

„ R. kidney 15‘6 


This experiment shows quite clearly the great effect of obstruction upon 
the distension of the capsule and accumulation of fluid within the capsule. 
Obstruction also causes a distinct further dilatation of the distal convoluted 
tubule, and an increase in the lutnina of both parte of the tubule. 

VI. Conipanson of a Free BecapmJated Kidney vjith an Obstructed Kidney. 
Expt. 7. — R. kidney decapsulated. L. kidnej/' obstructed. 


R. L. 

M- n- 

Glomeruli and capsules — 

Equatorial diameter 121’2 130'4 

Polar diameter 102‘0 1 11’2 

Space 9’8 20’0 

Hence 

Mean diameter capsule 111*6 120*8 

„ „ glomerulus 101*8 100*8 

Approximate volume capsule ... 174 220 

„ „ glomerulus 132 128 

„ „ fluid 42 92 

Convoluted tubules — 

Proximal. External diameter ... 42*0 41*4 

Lumen 15*4 17*6 

Distal. External diameter ... 28*6 31*0 

Lumen 20*4 21*2 

gnn. 

Weight of R. kidney 10*7 

„ L. kidney 11*0 


The results of the measurements in this experiment show that obstruction 
of the ureter results in an increased expansion of the eapsule of the 
obstructed, as compared to that of the free active kidney; tMe is entirely 
due to a greater aocomulation of fluid within it. The convoluted tubules 
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show corresj)onding differences. The effect a$ before is meinly felt in the 
distal tubule, which shows a somewhat greater expansion. The lumina in 
the proximal tubules are greater in the obstructed kidney than in the free 
kidney. In this experiment the blood-pressure was rather low, but the 
diuresis good. 

In all these obstructed kidneys the effect upon the medulla is very marked. 
Kot only is the pelvis of the kidney greatly distended, but the pyramW is 
driven back towards the cortex, and appears very much shrunken. We have 
often seen it so contracted as to appear only about a quarter or less of its 
normal size. In the sections the collecting tubules are flattened and empty, 
the loops of Henle, however, contain fluid, and often appear to be about the 
same size as in the normal active kidney. The apjiearance of the pyramids 
is so characteristic that one can at once decide whether or no the ureter of 
that kidney had been obstructed in the experiment. 

The last group of experiments comprises a comparison of various kidneys 
with a kidney which was both obstructed and decapsulated. 

VII. Comparum of a Besting Kidiuy with a Decapsulated aiid Obstructed 

Kidney. 

Expt. 13. — E. kidney resting. L. kidney decapsulated and obstructed. 


K. L. 

Glomeruli and capsules — 

Equatorial diameter 110*4 128*0 

Polar diameter 79*6 110*8 

Space 3*4 21*2 

Hence 

Mean diameter capsule 95*0 119*4 

„ „ glomerulus 91*6 98*2 

Approximate volume capsule 107 213 

„ „ glomerulus 96 118 

„ „ fluid 11 96 

Convoluted tubules— 

Proximal. External diameter ... 46*0 40*6 

Lumen 0*0 26*4 

Distal. External diameter ... 21*8 34*4 

Lumen........... 10*6 24^4 

grm. 

Weight of E. kidney 14*5 

„ L. kidney 19*8 
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An examination of the figures brings out an enormoiu increase in the size 
of the ca;^ateB, due chieSy to the increase 19 the amount of the fimd 
contained, The effect upon the convoluted tubules is i^in most marked. 
Otherwise the figures rei][uire no further comment. 

The right kidney was not completely at rest, as was indicated by the 
microscopic appearance of the glomeruli. In every instance there was fluid 
between the glomerulus and the capsule. 


VIIL Comparison of a Ftu Kidnetf tviih a 

Deeapsidaied and Obstructed 

Kidney, 

Expt. 1. — B. kidney free. L. kidney dacapenlated and obstructed. 

B. L. 

#*• 

Glomeruli and oapsules — 

Equatorial diameter 

135*6 

143*6 

Polar diameter 

106*8 

125*6 

space 

Hence 

23*8 

81*6 

Mean diameter capsule 

121*2 

134*6 

„ „ glomerulus 

97*4 

103*0 • 

Approximate v6luma capsule 

223 

805 

„ „ glomerulus 

116 

137 

» fluid 

107 

168 

Convoluted tubules — 

Proxiinal. External diameter . . . 

48*2 

51*4 

Lumen..... 

13*2 

240 

Dii^l. Externa] diameter ... 

38*6 

398 

Lumen 

29*0 

30*8 

The general result of the experiment shows that 

the glomeruli < 


convoluted tubules are mc«e distended in the decapsulated and obstructed 
kidney than in the free kidney. In this instance the volume of the capsules 
became enormous, with only a slight increase in the volume of the glomemli. 
We would emphasise the very great size of the lumen of the proximal 
convoluted tubule. 


Expt. 4 — B. kidney free. L. kidney decapsulated and obstructed. 

B. L. 


GlonruTuli sud oejpsules — 

E 9 ,natorial diameter 137*6 

Polar diam^ 112*4 

Spade 10*4 


. - 

162*4 

122*4 

22*0 
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Hence 



Mean diameter capsule — 

12O-0 

137-4 

„ „ glomeruluB. 

1146 

115-4 

Approximate volume oapsule ... 

244 

324 

„ „ glomerulus 

188 

192 

w » fluid.. 

56 

132 

Convoluted tubules — 



Proximal. External diameter ... 

45‘6 

43*4 

Lumen 

16-2 

22-8 

Distal External diameter ... 

27-8 

29-4 

Lumen 

15-8 

21-2 


gm. 


Weight of E. kidney 

.... 16*5 


,, L. kidney 

.... 18*7 



The results obtained in this experiment in every way confirm those shown 
in the previous experiment 

IX. Comparmn of a DecapmliUed Kidney with a Demye^ated and Ohtrncted 

Kidney, 

Expt. 2, — L. kidney decapsulated* K. kidney decapsulated and obstructed. 



L. 

E. 




Glomeruli and capsules — 



Equatorial diameter 

142*4 

161*2 

Polar diameter 

122*4 

129*2 

Space 

6*2 

12*4 

Hence 



Mean diametet capsule 

132*4 

145*2 

„ „ glomerulus 

126*2 

132*8 

Approximate volume capsule ... 

290 

383 

» „ glomerulus 

251 

293 


39 

90 

Convoluted tubules — 



Proximal External diameter ... 

47*4 

47*2 

Lumen 

12-4 

19*2 

Distal. External diameter ... 

30*4 

36-4 

Lumen 

18-8 

24-2 

Weight of L. kidney 

gha. 


.... IM 


„ B. kidney..;.. 

.... 16-6 




The results of the experiment are again very decifdve, a notable point 
being the large volume of the glomeruli in botb kidneys. We would again 
point out that the main effect upon the convoluted tubules is seen in the 
distal tubules. 

Expt. 5. — R. kidney deoapsulsted. L. kidney decapsulated and obstructed. 


B. L. 

M- M- 

Glomeruli and capsules — 

Equatorial diameter 144*8 151*6 

Polar diameter 111*6 136*8 

Space 24*0 37*6 

Hence 

Mean diameter capsule 128*2 144*2 

„ „ glomerulus 104*2 106*6 

Approximate volume capsule ... 263 375 

„ „ glomerulus 141 151 

fluid 122 224 

Convoluted tubules — 

' Proximal. External diameter ... 45*6 61*0 

Lumen 20*8 26*2 

Distal External diameter . . . 34*0 42*0 

Lumen 23*0 80*6 

grm. 

Weight of R. kidney 17*6 

„ L kidney 18*0 


The figures are in agreement with those of the preceding experiment, with 
the exception that the volume of the glomeruli in this instance is small. In 
Experiment 2 the blood^pressure was low (83 mm. Hg) and the diuresis 
moderate, while in Experiment 6 the blood-pressure was high (130 mm. Hg) 
and the fiow of urine rapid. 

X. OompariBon of an Obtruded Kidney with a VecapmUated and Obttrueied 

Kidney. 

Expt. Lfe Idduey obstructed. R. kidney decapsulated and obstructed. 



L. 

B. 

Glomeruli and oapsulea— 



Equatorial diameter 

109*2 

108*0 

Polar diameter 

96*6 

95‘2 

Slttce ...V... 

..... 11*8 

9*2 

2 
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102*4 
90*6 
134 
93 
41 

40*4 
17*8 
25*4 
17-2 

grm. 

Weight of K. kidney 16*8 

„ L. kidney.... 16*8 

In this experiment the blood-pressure was low and the flow of urine small, 
and with it again the volume of fluid in the capsule is small In general, 
it confirms the result of the preceding experiments. Decapsulation combined 
with obstruction produces a greater distension of the tubules than obstruction 
alone. With a more abundant diuresis than occurred in this experiment a 
similar result is found in the capsules and glomeruli. 

In the following tables we collect the results obtained in our thirteen 
experiments. In the first we give the means of the approximate volumes 
of Bowman’s capsule, glomerulus and fluid, and in the second the ratios of 
these to the similar structures in the resting kidney. 

We would not lay much stress upon comparisons between these figures, 
except when the differences are very marked. There are so many varying 
factors upon which the actual magnitudes of the measurements depend that 
to do so would lead to erroneous conclusions. Thus, the results vary with 
the blood-pressure, with the degree of diuresis established, the duration of 
the diuresis, and especially with the degree of extensibility of the kidney 
Capsule, and of the general renal tissues, both of which we know to vary 
greatly in different animala Table II, however, shows very decisively the 
enormous changes in size of the glomerulus and capsule caused by active 
secretion of water, and more espeicially iu the very great acoumulatidn of 
water within the capsule during activity. All these results ate of the 
highest importance in disproving the possibiUty of IQtration theglotueridaf 
surface. 


924 

131 

99 

32 

41-4 

18-2 

29-6 

21-0 


Bence 


Mean diameter capsule 

„ „ glomerulus 

Approximate volume capsule ... 

„ „ glomerulus 

,, ,, fluid......... 

Convoluted tubules— 

Proximal External diameter ... 

Lumen 

Distal. External diameter ... 

Liunen 



iif tke Eidme^ tmcompmvgm^ iSOT 


Table L 



Tolume 

Bowman's 

oapanle. 

Volume 

glomerultu. 

Volume 

fluid. 

Ko. of 
axpari- 
menbs. 

Rating i 

94 

85 

9 

4 

Active fm 

227 

W 

90 

4 

deca^^ukted 

229 

162 

67 

5 

„ obetmoted 

196 

186 

60 

8 

„ deoapittkted and obetruoted 

277 

167 

1 

120 

6 


Table IL — Batioe. 



Bowman's 

capsule. 

Gllomerulas. 

Fluid. 

Besting 

1 *00 

a 

1 *00 

1*00 

Active free 

2*42 

1*61 

10*00 

„ deeaptulaied ' 

2*44 

,1*91 

7*44 

„ obstnioted 

2*09 

1*60 

6*67 

„ decapeulated and obstructed | 

2*95 

1*85 

18*84 


In Tables III and lY we give similar figures for the convoluted tubules. 

Table III. 



Proximal. 

Distal. 

Bxtemal 

diameter. 

Lumen. 

Xxiental 

diameter. 

Lumen. 

Besting 

44*4 

0*4 

28*4 

9*9 

Aetirefree i 

46*0 

14*8 

aso 

22*6 

„ deoapsulated 

46*0 

17*8 

88*2 

22*2 

„ obstructed 

42*0 

19*0 

29*3 

00*8 

1 , deoifwiilated and obstructed... 

47*8 

2»*6 

85*8 

26*4 


Table IV. — Batios. 


;■ ■ ■ 

Proximal. 

Distal. 

Buteraal 

diameter. 

Lumea. 

External 

diameter. 

Lumea. 

'''IMititiK' 

i-oo 

1 <00 

1-00 


: ■ ■ -.few 

1*01 

87*00 

i-ix 



i-oi 

48 

1*48 


........ ...... 

d>o$ 

*am \ 

1"28 


4#oapftUla4ed obitM^ i 

' 

l-O? 

68*80 

l'6i 

Hifli’ 












These two tables bring oat the {oUowiag pdmts :< 

(1) The external diameter of the proximal oonvolated tubule dpee UiM 
change on activity; 

(2) A large lumen is developed in this tubule dating diuresift It varias 

with the degree of diuresis, and is markedly increased by obstruction of the 
ureter. Taking the average of all our observations it amounts, to nearly 40; 
per cent, of the total diameter of the tubule; • , ; 

(3) The distal convoluted tubule is expanded considerably (from 140 
to 160 per cent, of its mean at rest) ; and 

(4) The lumen, of considerable size (42‘3 percent, of the total diameter) 
even in a resting kidney, is more than doubled, and becomes 69‘2 per cent, 
of the total diameter. 

We may conclude, then, that the first convoluted tubule, t.«. that portion 
which is subjected to the highest internal pressure, is relatively inextenslble 
transversely. The second convoluted tubule, on the other hand, is trans- 
versely extensible. From a further exaraiuation of our' sections, we judge 
that the proximal convoluted tubules do indioate an extension in the lo]:^tn- 
dinal direction, but our present methods .do not allow us to state this 
decisively.* All the results indicate that an internal pressure has existed 
daring diuresis. 

Conduaions, 

S' . 

Measurements of the diameters of the variouB portions of the renal tubule 
in the cat, when at rest and after diuresis under various conditions, show 
that Bowman’s capsule, the glomerulus, and the second convoluted tubule are 
extensible structures, and are expanded daring diuresis. gbmerulus 

leaves the capsule wall, a considerable aooamulation of secretion being found 
between them. The lamina of all parts of the tubule become greatly enlarged. 

All the appearances found are explained as resulting from the aeticm of a 
high pressure in the fluid secreted by the glomerular epitheUum, and are all 
in accordance with the propulsor theory of the action of the {^omerulus. 

* If we may make the aaeumption that the volame of the eelle of the teavelnted 
tubule does not alter during diuresis, thm the magnitude of the surfaoe areas of the . 
cells in s transverse section of the tubule gives us an indiestion of any <dtahga in length. 
If, for this purpose, we examine the results of Experiments 10, 11, 19, aad 13, Where We 
have direct ootnparisons of active with resting ki^ys, we &td t^t in sdl in^^ 
proximal convoluted tubules are maikedly stretdhed lot^ndinaDy. la BjgieriftisijijtBiA ■ 
and 13 there is considerable ihortening of the dktal oouvolnted thbn|^ 
Experimwits 11 and 12 slight shortening. In Experimants 10 mmI 13 ^ tddoA-itnMs^ 
was high sM th? diuresis good. In Experiments 11 and 12 the bloCd-pws^^^ W^ 
aad the diuresis only moderate. Hence it womM k 

]»«Mnixe, this portion of the tubule is shortened, ae. trade t6w«ds the spiMlrieid i ; 
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S&g. oi Cortex of I>og»g Kdaey Rwt.^ 

Fig. 9*— Micro^otogTAph of Cortex of Oppoeite Kidney after AeiiViiy, x fWO. 

Fig* S<-**Cat’e Sidney* Drawing of glotnerulue and tabula after activity, ^wii^g 
dilatation of neck of tubule. x 500, ^ 


The ChntrolUng Infinenoe of Corfton Dioxide in the Maturation^ 
Dormancy and Germination of Seeds , — -Part II. 
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(Communicated by Dr. F* F. Blackman, F.E.S. Eeoeived March 25,— 
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IntTodwition, 

Iti ^6 filler the influence of carbon dioxide in 

|i^ of moist seeds was described. The mnlts 

ob^hed ate Bttm 628-626 of this paper. 

|ti ^ J#6r the rela^ of this inhiintoiy effect of carbon 

dioi^^ oxygen supply is first be eocamined, and 

COs as 
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exemplified in the natural inhibition of maturing seeds in the ovary, ai^ 
the artificial prolongation of the dormant life of seeds which cannot survive 
naturally unless germination occurs soon after riiming. 

Section I . — The Relation to Temperalwre of the InhihUorp of Carhon 

Dioxide on Oermination. 

A large number of experimeuts were conducted to determine this rela- 
tion. Brcmica alba seeds were used. The result would appear to establish 
the conclusion that at low temperatures inhibition is caused by very small 
pressures of COa, while conversely at high temperatures high pressures of 
CO 9 are necessary to maintain continued dormancy. It would seem 
probable that this relation to temperature is significant in natural seasonal 
conditions. The technique in these experiments was the same as before 
described, the details of each experiment in full are unnecessary and a 
summary of the results obtained is given. Tho usual retardation effects 
were observed throughout, but the numbers in the table indicate only the 
final total germination out of 20 seeds. 


Table I. — ^^Total Number of Germinations with 20 Bramca alba Seeds in 
various Percentages of CO 9 in Air at different Temperatures. Compiled 
from 43 experiments. 


Percentage of OO3 


2 

4 

6 

9 

12 

16 

18 

24 

80 

86 

42 

8*C. 

18 

2 

0 










r 

20 


. 

1 

0 








i(f 

19 

— , 

— 1 

18 

1C 

6 

0 






ir 

80 

20 

30 

20 

IS 

12 

3 

3 

0 




20° 1 

30 

20 

30 

20 

20 

30 

— 

17 

4 1 

8 1 

2 

0 

26' 

30 

30 


20 

20 

20 

20 

20 

19 

19 

1 

14 

7 


The tempmfcurM Itf 0., 0.. and S6* C. maintwed aocuffttely nitbin a variatum cf 

0*5° 0. The tempmture 'Ot S° C. ebtolttad with meUing fee raHed to Hi# extend ot 1^ 0. The 
other two, T and 17** 0., aase aTeragee of outdoor and indoor winter temperature*. The experi- 
meiite were continued till no more eeede geminated. 

It is necessary to consider the possibility of these results being due not 
to a decrease with rising temperature in the effeotiTeaese of pressates of 
CO, in causing inhibition, but to an increase of oxygen stimnlne eansed 
by an increased permeability of the testa under the notion of h^;her 
temperatures. 

The following series of experiments were therefore oonduoted. witii 
JBtramca alba seeds from whioh the testas had hMU oei^^iy 
la these experiments with bare embryos, it was difBenlt^^ in; 
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«t|g88 to toll by eye whether germination had begtan or not. The bare 
eti^bryos in the first stages of germination oonld not be difi^centUtod, but 
hid to be described as either all germinating or all not germinating. In 
order to bring the results given in the following Table more into relation 
with those formerly obtained, small figures have been inserted to express 
the relative condition of growth at the end of the experiment, and the 
delay in germination as compareti with the controls. 


Table II. — ^Total Number of Gtominations with 20 Bare Embryos of Bmasiea 
alba Seeds in various Percentages of CO» at difTereut Temperatures. 
Compiled from 14 experiments. 


Perceotagea of OO3 

_ .. .. 

Control 

0 

5 

10 

20 

80 

40 

50 

6°C. ‘ 

20 

16 

8 





16 

20 


20,, 

aog 

2O4 



20 

20 

90w 1 

80„ 

20u 

20g 

2O4 



Xen p$r cent, of oxygen wm {Nreeent in eaoh oaee. The tempemtareti 16° 0.*^ and 90° 0. were 
maintatned aooumtely witliin a yamtion of 0*5° C. In tine case of the experimente at 5° C. 
the temperature w«a less tooumtelj oontroUed, being obtained by melting ice. 


It will be seen from the foregoing Tables that a rise of temperature of 
10° C. necessitates roughly the presence of three times as high a partial 
pressure of COj to cause inhibition. Thus in Table 1 at 10° C. no 
germinations occurred with COy pressures above 12 per cent., while at 
20° C. germinations occur up to 36 per cent. Similarly at 7° C. no 
germinations occur above 6 per cent., while at 17° C. gemination pro- 
ceeds with pressures up to 18 per cent. It must be remembered that the 
actual partial pressures of COt in the tissues of the embryos is probably 
higher, especially where the testa remains intact, than the values 
expressed in the tables for the partial pressures of GOt in tiie atmospheres 
ueed. , 

The result of this series of experiments, both with whole seeds and with 
bare embryos, thus clearly indicates that a rise in temperature neoessitates 
an increase in the amount of COs necessary to produce inhibition in the seeds 
oi Brctmea alba. Conversely, a fall in temperature rednces the uebessary 
amoont of OOt to cause inhibition. 

This relation of carbon dioxide* inhibition to temperature may be 
emphasised. In the case of drugs anting chemieaUy on the protoplasm 
thb expeptatfon is that tbek be more efibotive at hig^ than 

at low teraperatnres. Here with carbon dioxide the reverse reenlt has been 
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obtained. The fact must be borne in mind that we are dealing in this oise 
with a gaseous agent more soluble at low than at high temperatures, ms 
implies that to maintain in solution in the tissues the same concentration of 
carbon dioxide at a low temperature as at a high temperature necessitates a 
greater partial pressure of CO3 in the atmosphere at the low temperature. 
Further work upon this relation of carbon dioxide inhibition in seeds to 
temperature is needed,* 

Section IL — Relation' to Omjgen Preamire of the Inhibitory Effect of Carbon 
Dioxide on Qermination. 

The presence of the testa between the embryo and its gaseous environment, 
as a membrane, only permeable with some difhculty, will, as has been pointed 
out, cause (1) a reduction in the amount of oxygen reaching the embryo, 
and (2) a relative rise in the actual CO* pressure in the embryo tissues. 

It has been shown by the removal of the testa that temperature has, 
nevertheless, a direct effect in determining the inhibitoiy value of a given 
pressure of CO2. 

The following experiments were made to determine whether a varying 
oxygen supply might not also influence the inhibitory action of carbon 
dioxide. A large number of experiments were conducted at the same 
temperature, but with varying pressures of oxygen and carbon dioxide ip the 
atmospheres used. 

The testas were not removed in these cases. With a given pressure of 
CO3, the temperature being fixed throughout, no variation in permeability in 
the testa was looked for. It is possible that an increased oxygen supply may 
cause a corresponding increase in the actual COa pressure in the embryo 
tissues. The results show, however, that for the main purpose of the 
experiments this possibility may be neglected, as it clearly appears that an 
increase of oxygen supply decreases the inhibitory value of any given 
pressure of CO3, while correspondingly a decrease in oxygen supply intensifies 
it, so that with small amounts of oxygen very low percentages of CO9 will 
induce complete inhibition. 

* In a critical conaideratiou of the actual pressures of OOjin the embryo tissues at any 
temperatuie we should have to take into account not only the external partial pressure 
of COj, but also the rate of CX)j production in the tissues and the rate of the escape Of 
U\is 00 ^ from the tissues by diffusion. Eoughly, in relation to different temperatures* 
these two processes tend to cancel one another, and their oambinod effect to give the 
same value at all temperatures. In the above experiments no account has, therefore, been 
taken of any change with temperature of the rate of OO 3 prcduction in the tissues or of 
the rate of diffusion from the tissues. * 
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Talble III. — The Effect of Decreased Parjaal Pressures of Oxygen on Carbon 
Dioxide Inhibition in Bramea alba Seeds. Small amounts of COj ate 
sufficient to cause inhibition if little oxygen is present. 


Atmosphere of oxygeu, oftrbou dioxide, and 
nitpogen. 

O'erminations out of 

20 seeds while in artificial 
atmospheres. 

Proportion of 
remainder which 
finally germinated 
on removal to air. 

Oxygen percentages. 

Carbon dioxide 
percentages. 

2 nd 

day. 

3rd 

day. 

4bh 

day. 

6 th 

day. 

per cent. 

per cent. 






21 (air) 

0 (air) 

18 

20 

20 

20 


8 

0 

13 

18 

18 

SO 


8 

1 

13 

19 

19 

20 


8 

8 

15 

15 

18 

20 


8 

6 

— 

12 

18 

16 

All 

4 

0 

8 

18 

18 

19 

All ^ 

4 

1 


1 

1 

8 

All 

4 ' 

6 

1 



0 

All 


Averftgo temperature, 14'* 0 , 


It will be noticed from the preceding Table that the effect of decreasing 
the oxygen supply is to intensify the inhibitory action of carbon dioxide. 
Thus, with a decrease of oxygen to 8 per cent., the inhibitory effect produced 
by 6 per cent, of carbon dioxide is very marked. With a decrease of oxygen 
in the atmosphere to 4 jier cent., complete inhibition is produced by 6 per 
cent, of carbon dioxide. 

Here again it must be remarked that this relation may very likely be 
significant in many cases of delayed germination under the influence of 00a 
in natural conditions. 


Table IV. — Effect of various Partial Pressures of Oxygen on the COj 
Inhibition of Qermination in Brasdca aHa Seeds. Total number of 
germinations obtained out of 20 seeds. 


Peroentages of OO 3 

0 

9 

18 

15 

18 

81 

24 

87 

80 

Oxygen 5 per cent 

10 

6 

4 

0 

0 

0 

0 

0 

0 


80 I 

18 

17 

10 

8 

1 

0 

0 

0 

i« .. 1 

80 1 

80 

80 

16 

10 

8 

0 

0 

0 

„ 80 

80 1 

80 

20 

18 

18 


8 

0 

0 

n » 

80 

80 

80 

80 

wmm 

11 

6 

2 

1 


jhfVUtgt tempsntww ld'7^0. | sxjtawnw 18>iS°0. Th« atmoapkerio mtiduani i« in thei« 
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It will be seen that the amount of oxygen pteaeait has a definite 
upon inhibition by COa. Where there is only a pressure of 6 per dint, 
oxygen, complete inhibition is obtained by 16 per cent. CO*, but^ With 
30 per cent, oxygen present, as much as 30 per cent. CO* is soarobly 
sufficient at the temperature used to cause inhibition. 

The result of these experiments, therefore, indicates that a rise in the 
partial pressure of oxygen within the limits experimented on necessitates an 
increase in the amount of CO* necessary to produce inhibition in the seeds cf 
Brassica alba. Conversely, a fall in the partial pressure of oxygen reduces 
the necessary amount of CO* to cause inhibition. 

Section III . — Carbon Dioxide as a Factor in the Dortnanetf of the Matv/ring 

Seed on the Plant. 

(a) Arrested Development of Maturing Seeds not due to Lack of Moisture— 
Jietarding Influence of the Tesla. — The maturation of the seed in normal 
conditions has certain features upon which it is desirable to dwell briefly. 

The growth of the embryo proceeds continuously after fertilisation. It 
some coses it quickly reaches an advanced stage, and the radicle, plumule, 
and cotyledons may be formed very early. This growth, moreover, appears 
to resemble in some respects the growth which takes place subsequently, 
after germination, but in others it has the appearance of partial inhibition, 
the radicle apparently being not free to sprout as in germination. This 
appearance of inldbition increases in the oases of most seeds, until at the 
stage of complete maturation growth is apparently arrested or suspended. 
That there is some restraining cause tending to prevent growth present in 
the seed during the series of changes which is producing maturation may be 
proved, as in the experiments following, by the fact that the embryo, often at 
a comparatively early stage, though the seed be far from ripe, can be eaused 
to sprout if removed to air. 

The following experiments were conducted in order to show that neither 
lack of water nor any physiological insufficiency in the embryo can be 
considered as the cause preventing the still maturing embryos of beans and 
peas from sprouting, and so becoming cases of viviparity:— 

(1) Two lots, 10 peas and 10 beans, were taken froth pods which were still 
perfectly green and hardly yet fully swelled. These two lots were set to 
germinate at 20° C. on damp sand, with the result that aU the seeds 
germinated perfectly. From these experiments it is clear that, in the case 
of the bean {Vida faia) and of the pea {Pimm softtwm), for some i^- 
siderable period before the natural drying process conuaeaces, aad white the 
growth of the pods is continuing, the seeds, if removed and jdaoed in 
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get^&ating coDditioos, are capable at immediate germination. In thifl and 
siiil^lar experiments it was noticeable, especially in the case of peaa, that 
reQioval of the testa greatly increases the rate of this germination. The 
fo^owing experiment was typical : — 


Table Y. — Increased Bate of Germination in Maturing Seeds of Peas 
when Testa is removed. 


Beftcriptiou of seed. 

demiuations. 

Hemarht. 

3rd day. 

8th day. 

Pea» fresh from the pod (10 with 1 
teita) ! 

0 

4 

The testae of the six not growing 
were remoTed on the 8th day. 
All these six then sprout^ 
within two days. 

Peft$ freeh from the pod (10 without 1 
testa) 

1 8 

i 

8 


(2) Further experiments to test the power of the embryo of the ripening 
bean and pea, before drying has commenced, to grow without the addition of 
moisture, were necessary. To this end 10 bean embryos taken from seed in 
immature condition were placed in glass tubes closed at both ends with 
bored rubber corks. They were placed at such distances as to avoid 
contact with each other. 

In six days the radicles of all had sprouted ; similar results were obtained 
with embryos taken from immature pea seeds. 

These experiments were repeated another year with confirmatory results. 

The bare embryos germinate readily in the above conditions. In parallel 
experiments made with whole immature seeds, the presence of the testa still 
intact was found to retard sprouting constantly. This retarding effect of the 
testa was more marked in these oases where no water was added to the green 
seeds from the pods than in the experiments above, in which such seeds were 
germinated in the ordinary way on damp sand. In connection with this 
action of the testa it is of great interest to find that Guppy, in a recent 
book containing the results of a wide series of studies upon seeds, remarks 
that "it is noteworthy that the viviparous habit is associated with the 
absence of seed coats.” 

(8) Experiments with germinating beans after complete air-drying in the 
l^ratory showed that, at the moment of sprouting, these seeds might 
contain less water than they did when originally removed from the 
Xheee experiments vrere conducted both with whole seeds and with 
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the embryo alone. The following are representative exathplee taken froiik a 
aeries of experiments : — . I 

t-' 

Table YI. — Showing that Beans genuinated after Gomplete Air-drying upy 
actually contain at the moment of sprouting less water than they 
when originally removed from the fresh green pod in the last stages of 
maturation before drying on the plant had commenced. 



Onginal weight of 10 boant when 
remoYod from freth poda before 
natural drying had commenced. 

Weight of the same 10 beans at 
the moment of sprouting during 
gerttunatton on damp sand after 
complete air^drjing. 


gm. 

grm. 

Whol^ fteedU 

27 -7 

22 *6 


24 I 

21 -6 

Embrjoa alone 

22 -0 

1 j 

20*1 


From these experiments it should appear, therefore, that neither lack of 
water nor any physiological insufficiency in the embryo can be regarded 
as the factor limiting germination in the maturing seeds of peas and beans. 

Finally, the action of the testa as a retarding influence on germination has 
to be noted. In addition to experiments already given with seed still 
immature, the following experiments were made with dried seeds ; — 


Table VII. — Retarding Influence of the Testa in Germination of Dried Seeds. 



Water uj^ake 
after 24 Iiours 

Glermluations. 

Description of seeds. 

in percentage of 
original 
dry weight. 

1st 

day. 

2nd 

day. 

Srd 

daj. 

4th 

day. 

5th 

day. 

6*$ 

Peas 8 days dried in air after remotal 
from pM, temp. 18-14* C.— 

10 with testae 

189 

0 

0 

1 

6 



10 without teetas 

112 

0 

0 

6 

7 



Dry beans — 

10 with testae 

116 

0 

0 

0 

4 

» 


10 without testae. 

119 

0 

1 

8 

a 

XO 


Dry beans — 

10 with testae 

100 

■ 

0 

0 

1 

2 


B 

10 without testse 

116 

0 

10 

10 

10 

.. ■■■ 

10 





In the above Table the retarding influence of the testa iit the geraaination 
of seeds after drying is well marked. 

(b) :i>treot Estimation of the COj Content of Maturing and Chrminating 
Seeds , — ^An enquiry is Strongly suggSsted as to how far tiie u<m'geniihMKt|i» 




Carbon Dioodde in Maturations otc^ \ of Seeds. 617 

of the maturing seed, while still upon the parent plant, may be due directly 
to 00a inhibition or narcosis. In order to obtain evidence here an endeavour 
was made to ascertain the actual COa content of ripening seeds. The method 
adopted was suggested by l)r. F. F. Blackman, for whose advice and direction 
during these researches I am deeply indebted* The technique of this method 
for determining the amount of COa present in the tissues of seeds was as 
follows : — 

Two lots of material of equal weight were taken in each experiment. 
One lot was crushed to thin paste in a mortar and left exposed to the air for 
40 to 80 minutes. It seemed from experiments that this time was sufficient 
to allow the escape of the COa present in the tissue mash. A known ^ 
quantity of baryta was then added and a titration made with HOL The 
second parallel lot was crushed immediately under an equal quantity of 
baryta and a similar titration made. 

The difference between these two readings invariably showed that more 
baryta had been neutralised where the tissues had been crushed immediately 
in contact with it than where the tissue was first exposed for some time to 
air after crushing to a mash. These differences were taken as roughly 
expressing the relative COa contents of the tissues used in these experi- 
ments. 

The results obtained iu a series of experiments made by this method to 
ascertain the COa content of maturing peas and beans from fresh green pods 
and of the same seed during its drying in laboratory air, are given in the 
following table: — 


Table VIII. — ^The COa Content of Maturing Peas {Pisum and Beans 

( Vieia fala) when removed fresh from the Green Pod and during the 
first few days of drying* 


Desoription of »«od. 

■ 

Cframtues of 
HjO per 
100 grm. 
of seed. 

Onbip oenti- 
metres of 
OC^ per 
100 mm. of 
teed. 

Batio OOs/H^O in 
tissues of seed. 

Pom Imk from tho pod 

50 

54 

lOS/100 

PflM nftor 4 d*y« in Inborntory *ir 

22 

146 

660/100 

BawOi from pod 

SO 

61 

S5/100 

Boant after 1 day's drying in laboratoiy air 

66 

46 

82/100 

Beans after 4 days' drying in labomtoiy air 

' " ' 1 M.-,u — : ^ 

61 

41 

80/100 


If comparison with the above results the following Table gives those 
oblfdned in a second series of experiments made to determine the COs 
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coatent of similar seed daring ordinarj germination on damp sand aftfr 
complete air drying in the laboratory : — 


Table IX. — The COs Content of Beans {Vinafaha ) and Peas (JPimm 
sativum) while germinating. 


Desoriptios of e«ed. 

Grammes of 
HjO per 
100 gm, of 
seed. 

Cubic centi- 
metres of 
COj per 
100 grm. of 
seed. 

Ratio COs/HgO in 
tissues of seed. 

Growth. 

Peat after IS hrft. germimting 

67 

64 

96/100 

None 

ft ** 26 If 

67 

41 

61/100 

None 

IJ M )» 

70 

48 

62/100 

Sprouting 

„ n 64 

70 

89 

55/100 

n 

»» j» ♦* 

65 

16 

24/100 

1) 

Beans after 24 hrs. germinating 

! 58 

! 20 

34 *6/100 

rt 

Beane after 7 days m germina- 





ting conditions 

! — 

I . 

41/100 

ft 

Beans after 5 days without testas 


1 



in geminating conditions 



16 '6/100 

ft 


The experiments lead to the conclusion that in the maturing seed, in the 
case of beans and peas, the COg content of the tissues is higher than that under 
which actually germination takes place. In short, so far as these experi- 
ments have gone, it would seem that where the COg content of the tissues is 
above a certain point germination does not occur and that the COg content 
must fall below this point before germination takes place. 

Section IV . — ContraM of Depreamnt Action of High Partial Pressures of 
Carbon Dioxide with Stimulatory Effect of Low Partial Pressures. 
Carbon Dioxide considered as a Narcotic Ageni, 

From the experiments already described it is definitely shown that the 
phenomenon of non>germination induced in the seed by COg is one of 
temporary inhibition resulting in a condition strikingly similar to that of 
narcosis. The interesting question therefore presents itself as to how far 
this depressant action of carbon dioxide can be regarded as true narcosis. 

Looking back, in the first place, thKtagh the history of previous work, it 
has to be noticed that the following results have been recorded as to tdie 
effect of carbon dioxide on the growth activity of plants : — 

De Saussure (3) in 1804 found that an atmosphere containing B per oent. 
COg restrained the growth of peas. Montemartiai (4) found that over 7 per 
cent COg depressed the growth activity in the roots of peas. Cha^(5) in 
1902 confirmed this. B8hm(6), Dr. I>xabble(7), Pwrf. flBnn«f(l), said: 
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And Esoombe ( 2 ) have also conducted experiments tending to show 
reetraining effect of carbon dioxide on growth. Dr, Drabble and 
Lake in 1905 demonstrated the stimulation effect of small partial 
JlressuTes of COa, observing that the growth in the length of pea roots 
lifas more rapid in 4 per cent, CO 3 than in air and than in percentages 
j^ter than 7 per cent, of CO*. 

Here it will be observed that there are two classes of effects recorded ; an 
affect of retardation by higher percentages, and an effect of stimulation by 
lower percentages of CO 3 . The stimulatory effect of small doses is a general 
property of narcotic agents, A further series of experiments was therefore 
arranged to test the effect of COj in various proportions below the inhibitory 
percentage on the germination and growth of Bramca alba and Hordeum 
umlgare. The results* obtained with BraBfdca alba are shown in the following 
Table. 

ffordeum vulgare gave similar results. 


Table X. — Eesults obtained in Growth of 10 White Mustard {Brasisica alba) 
Seeds under increased Partial Pressures of CO3, showing the Stimulatory 
Effects of Low Percentages, rising to a Maximum and then declining 
towards Inhibition, 


Percentage of CO^ 
iu ilie atmosphere in 
each case. 

Increase in 
weight expressed 
in Mroentages 
of original 
weight of seed. 

Average length 
of growth at 
termination of 
experiment 
in centimetres. 

0 

aa-s 

8-8 

2 i 

16 0 

4’0 

B ! 

64-0 

4 '4 

- 4 I 

28-0 

4*8 


a-o 

8 5 

10 

(24 per cent. COj gives 
complete inhibitton) 

8-0 

i 

2*0 


Tbia e:iipeni&ant waa ooudueted in a dark room, A.verage temperature, 16'C‘’ 0. 

In the foregoing Table it will be observed that the first effect of carbon 
dioxide is one of stimulation in low percentages. This increases to a 

* The tats of germixjation was not increased by the low percentages of OC^ in this 
ttxpedment/ but as has been shown in the case of beaus and peas in Table IX, the actual 
‘^ content of the seeds Is high and falls from an initially inhibitory value as germination 
proceeds* We should not expect, therefore^ small doses of (X>j| in the atmosphere to have 
a loarhed^i^ effect, if any, upon the rate of germination, though their effect 
npoti growth^ the escape of the initiai high partial pressures of 00 $ in the seeds is 
'CfcAX. ' ' ' . 
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maxim am which, at the temperature used, is obtained at about 3 per eeali^ 
slightly over, and then declines again through a restraimag effect to compl||||a 
inhibition. j, 

We appear, therefore, to have in view results confirmatory of 
hypothesis that we are here dealing with the effect on germination 
growth of a true narcotic agent, and that the results induced by OOg in t^ 
resting seed are a phase of narcosis. 

Section V. — Influence of COg in Enforcvng Eorma/ncy in Certain Seeds whii^ 
do not Naturally have a Long Dormant Phase. Seeds of Hevoa 
brasiliensis. 

A considerable amount of work has been done in the past — work which ia 
well summarised by Becquerel(8) — upon various effects produced in dry 
seeds by sealing them in various gases and vapours, including CO*. Beoqueiel 
discounts the value of part of thia work on the ground that it has been 
conducted on seeds with impermeable testas, so that the gases used could not 
be considered to have reached the plant embryo. 

In a number of experiments conducted during this inq^uiry on seeds with 
naturally permeable testas, and on rapidly deteriorating seeds in which the 
testas may be assumed to be at least partially permeable, carbon dioxide was 
found in nearly all cases to have certain definite effects, such as might have 
been expected from the foregoing experiments conducted upon wet seeds in 
germinating conditions. 

The results of this work, which is still in progress, have not yet been 
correlated, but one aspect of them may be referred to here, as bearing directly 
upon the central problem discussed in this paper. 

One of the most rapidly deteriorating seeds is that of ffevea brasilimsis. 
In planting in the tropics it is found that it is always desirable to put the 
seed in the ground within a fortnight, and Mr. C. Curtis, late director of the 
Botanical Gardens, Penang, from whom the seeds used were obtained, writes 
that even in such circumstances 70 per cent, germination is considered good. 
This rapid deterioration of the seed has been a difficulty in the recent 
extension of rubber plantations, and the question of the best conditions for 
preservation in packing and export has been an important one, leading to 
practical research. The seeds are at present usually {Aoked in ground 
charcoal and ashes. Their size is about that of an average ocom nr larger. 
They have easily permeable testas and a high water oontent.and while living 
they were found to he respiring very rapidly. They were also found to he 
very intolerant of drying. The seeds in the experiamnts cxmstdered in thkii 
research were enclosed in hermetically sealed flasks under varioas oondiUdai, 
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aaii it was fotmd as the outcome of a number of experimentB that vrhm. tiwy 
iMie sealed in the proportion of 40 to 50 seeds to 1200 ae. of atr tlie 
following results were obtained ; — (1) A partial pressure of CO» of 40-45 per 
edat. was created in the flasks bji’ the life processes of the seeds, and (2) 
there was a marked prolongation in their period of vitality. 

In the following Table the results of two experiments are given. The 
imported seeds, when received in this country, were necessarily some weeks 
old. The temperature at which germination tests were conducted was 27® C. 
in a thermostat : — 


Table XI. — Showing prolonged Dormancy of Heoea bratiliensit Seeds 
sealed in flasks as described. Flasks opened after 50 days. A test 
germination, begun at the time of receipt of the seeds, gave 40 per cent, 
germinations. 


How kept during 60 days. 

Analysis of atmosphere on 
opening flasks after 60 days. 

Percentage of 
germinations after 

CO,. 

O,. 

Nj. 

60 days. 

Jffixpeirimout 1— 

io eeede in air in 1200 c.c. eealed 
fUaks 

60 aeeda in air in 1200 c.o. open flask 
50 eaeda in air in oomtnaroial packing 
aa sent from tropics 

per cent. 

46 

per cent. 

1 *8 

per cent. 

63 

per cent. 

40 (good plants) 

8 

16 

Kx^riment 3— 

seeds in air sealed in 600 o.o. flask 
20 aeede in nitrogen sealed in 600 o.o. 
flask 

20 seeds in air in 600 o.o. open flask 

40 

41 

4*0 

i-o 1 

66 

68 

40 (good plants) 
26 „ 

1 

i 

■ 

— 

0 


The first of the above experiments took place over the months of November 
and Peoember. The flasks were kept in a temperature varying from 10® to 
16® C, 

The second experiment took place during December and January. The 
flasks were kept in the laboratory, the temperature varying from 18® to 
13° 0, There was considerable internal pressure when the flasks were opened 
iia both experiments. 

In a third experiment the period during which the seeds were kept from 
datd of importation was prolonged to 90 days. The avmage temperature 
Wa^ conriderably higher, the months over which the experiment extended 
being September, October, and November, la this oase 10 per cent. 
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germinations were obtained with seeds sealed in air in the proportmi. 
motioned against nil with seeds kept in commercial packing, n& wiiSi 
seeds kept in open air, and nil with seeds sealed in nitrogen.* 

In the foregoing experiments it will be observed that large seeds enolosed 
in permeable seed coats and sealed with a definite proportion of air in an 
impenetrable outer envelope were being dealt with. In these conditions, 
where the life processes of the seeds resulted in the creation in the flask 
of a partial pressure of COj of 40>45 per cent, the vitality of the seeds. 
was markedly prolonged. 

A conclusion which Becquerel reaches, as the result of his researches, is 
that in all cases of longevity in dry seeds the testas are exceptionally 
strong and impermeable. The problem of the dry seed enclosed in m 
impermeable or almost impermeable testa has certain striking affinities — 
in that gaseous exchange in either direction is hindered or prevented — to 
that of the wet seed, though in apparently good germinating conditions, 
which does not germinate. But with the former problem we are not at 
present directly concerned in this research. 

Section yi.— Biological Importaim of Domumcy in Moist Seeds. 

The seed is a comparatively late arrival in geological time, and the 
perfecting of its function has of necessity been a great point in the struggle 
for existence amongst plants, A leading cause in the success of the 
Angiosperms, as Prof. Seward has pointed out, has consisted in the 
efficiency of the arrangements for nursing the embryo. There can be no 
doubt that a ruling factor in this efficiency has been the adjustment of 
all the life processes of the moist resting seed to the end of attainii^ a 
fit time for germination. It is suggested by these experiments that the 
presence of carbon dioxide in the ^ues of the embryo acting as a 
restraining and inhibiting agent on the life processes of the seed, and as 
a dominant factor in relation to the oxygen stiniulus, hss been htilieed 
in attaining this efficiency of the latent seed for which fit conditions of 
germination have not yet arrived. The various structures of the testa and 
its behaviour under different conditions in regulating the gaseous exchanges 

* The favourable reiulU obtained in these experiments in prolong^ the vitally of 
these r4q>idly deteriorating aeeds were greatly in excess of those which are sacutad hy 
present commercial methods of packing for transport and in^jMrb In expovhneats wt a 
large scale the seeds might be simply sealed (in the proportions of air mentioned) in la^ 
carboys, such as are used for the transport of distilled water, eovered with wieksr or^^ wire 
netting. In case of too high an intei^ pressure, arising from overfllfing with seeds, a 
tdmple form of safety valve might be inserted in tiie sealing. 
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afipeax to be important factors in obtaining the necessary a^nstments to 
natural conditions. 

Emphasis may properly be laid on the fact that it is these adjustments of 
the moist seed when in apparently suitable conditions of temperature, 
moisture, and oxygen supply, while awaiting the fit time for germination, 
and not so much the adjustments of the resting dry seed, that have formed the 
central problem of seed life in conditions of nature. The maintenance of 
latency when the moist seed is in conditions of medium temperature, 
oxygen supply, and moisture, has been the problem of the maturing seed 
on the parent plant. It has been the problem of a large proportion of 
native seeds which fall upon the ground in summer and autumn, but whose 
fit time for germination does not arrive till the following spring. It has, 
beyond doubt, been the problem also of many species of plants in the struggle 
for existence whose chances therein must have often been increased many* 
fold by the capacity of their seeds to lie dormant in the ground for indefinite 
periods, ready to resume activity with sporadic germination when suitable 
conditions arise such as, for instance, occurred in the case of the Brassiea alba 
seeds of these experiments when the testas became dry or ruptured. 


Section VII . — Summary and Candvxvms. 

Fart I. — ^Experiments were conducted showing that the germination of 
seeds is retarded or inhibited by high partial pressures of CO 2 in the 
atmosphere. This retardation and inhibition produced by COj was shown 
to be unaccompanied by injury. The seeds used in these experiments fall 
into two classes. In the first class the seeds germinated at once after 
removal from the inhibitory COj pressures (beans, cabbage, barley, peas, 
onions). In the second class the inhibition continued indefinitely after the 
removal of the inhibitory 00s pressures, and is terminated only by complete 
drying (and rewetring), or by the removal of the testa. In this class a 
lowering of the permeability of the testa to gases under the influence of COg 
is indicated, a change which would have two results : (1) a reduction in the 
amount of oxygen reaching the embryo ; and (2) a reUtive rise in the actual 
OOs pressure in the embryo tissues. The condition of prolonged inhibition 
after removal to air produced in Braitioa alba is strikingly sus^tive of the 
condition of seeds often met with in nature, the germination of which is 
delayed in qdte of suitable conditions of temperature and water. The results 
obtained in the laboratory with Bramaa dha eeeds were reproduced in the 
in natural conditions by OO* arising frmn decaying vegetable matter. 
The hi^ OOs content of the soil air in these experiments was found to 
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oontitlue for a oonsiderable period. Attention wae oalled to the in^rtaoiet' 
of these facts in agriculture. ' 

Part II. — A long seriee of experimente was carried out to determine the 
relation of carbon dioxide inhibition in seeds to temperature end to oxygen' 
supply. Low temperatures and low oxygen supply were both found to 
increase the inhibitory value of given partial pressures of OOj, while 
inversely the inhibitory value of given oarbon dioxide pressures diminishes 
with a rise of temperature and with a rise of oxygen pressure. The 
probable relation of these facts to the dormancy of the moist seed in natural 
conditions was pointed out. 

The arrested development of maturing seeds on the plant was shown not 
to be due to lack of moisture or to any physiological insufficiency. The seeds 
in this stage were shown to contain in their tissues more COj than seeds 
normally germinating contain at the moment of sprouting. The presence of 
the testa was shown constantly to retard the germination both in seeds taken 
from the parent plant before natural drying and in seeds after complete 
drying and storing. Attention was drawn to the correlation found to exist 
between the viviparous habit and the absence of seed coats. 

Carbon dioxide has been considered as a narcotic agent. Previous work on 
the action of CO3 upon growth has been quoted. The stimulatory effect of 
low partial pressures, rising to a maximum with increasing pressures and then 
declining to inhibition with higher pressures of CO 3 , has been demonstrated 
by experiments with Brassica ulba and Hordmm mlgare germinated in 
the dark. 

In the case of certain rapidly deteriorating seeds {Hwea hranlumit) the 
oarbon dioxide naturally produced by respiration of the seeds in a closed flask 
rose to 40 per cent, and the presence of this was found to be aocomjuimed by 
a marked prolongation of vitality in the seeds. This prolonged vitality was 
far in excess of that reached with the present commercial method of packing 
these short-lived seeds for export. 

When we correlate the results of these differeot lines of experiment we 
seem to get in various directions evidence of the importance of carbon dioxide 
pressure as a controlling influence in the biology of seeds. This influence 
may Ixj formulated briefly in the following principles s— 

(1) The resting stage of the moist seed is primarily a phase of namoris 
induced by the action of oarbon dioxide. 

( 2 ) Both the arrested development in the case of the moist maturing seed 
on the plant, and the widely occurring phenommiouof delayed gemination In 
the case of the moist resting seed, wbioh does not geminate although ib 
apparently suitable conditions of temperatuie, moisture, and oxygen st^p^, 
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iKxe related to axt inhibitory partial pressure of carbon dioxide in the tissues of 
the embrya 

(3) Germination when it takes place is related to a lowering of the value 
of this inhibitory partial pressure of carbon dioxide in the tissues* 

(4) The inhibitory value of a given carbon dioxide pressure diminishes with 
a rise of temperature. 

(5) The inliibitory value of a given carbon dioxide pressure diminishes with 
a rise of oxygen pi'essure. 
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JOHN LUBBOCK, BAEON AVEBUEY— 1834-1913. 

The first Lord Avebury, for many years better known as Sir John Lubbock, 
died on May 28 last, in his 80th year. He was the eldest son of the third 
Baronet and Harriet, daxtghter of Captain Hotham, of York. He was 
educated at Eton, but left at an early age to join his father in the family 
bank. He married firstly Ellen the eldest child of Peter Hordern, and some 
years after her death, in 1879, Alice Augusta Laurentia, daughter of the late 
General A. A. Lane-Fox Pitt-Rivers, and grand-daughter of the second Baron 
Stanley of Alderley. In 1866, he succeeded his father as fourth baronet, five 
years later he became Member of Parliament for Maidstone, and held this 
seat until 1880, when he was elected representative of the University of 
London. This seat he held until 1900, the date when he was removed to 
“ another place,” as Baron Avebury. 

Lord Avebury took an active but restricted part in iwlitics. His most 
prominent efforts were directed to the establishment of Bank Holidays, but 
be devoted much time and attention to educational questions and social 
reform. Without having had a University training he was yet peculiarly 
fitted to be a representative of a University, being a man of wide culture 
08 well as a very competent man of business. For many years he was 
head of the great banking company, Eobarts, Lubbock and Co., and by 
his tireless activity and ceaseless care for detail, he became a very prominent 
man in City circles. This attention to detail and his knowledge of procedure 
made him an admirable President ; and, indeed, he seems to have presided 
over nearly every scientific society and countless mercantile associations. 
At various dates be was President of the British Association (Jubilee Year), 
the Entomological Society, the Ethnological Society, the Linnean Society, the 
Anthropological Institute, the Ray Society, the Statistical Society, the African 
Society, the Society of Antiquaries, and the Royal Microscopical Society. 
He was also the first President of the International Institute of Sociology, 
the President of the International Association of Prehistoric Arcbteology, the 
International Association of Zoology, the International Library Association, 
the London University Extension Society, and the first President of the 
Institute of Bankers, Ihesident of the London Chamber of Commerce, and 
of the Central Association of Bankers. 

For eight years he was Yice-Chanoellor of the University of London, and 
be was also Principal of the Working Men’s Collie. He sat on many a 
Royal Commission, and left his mark on those on the Advancement of Science, 
on Public Schools, on International Coinage, on Gold and Silver, and on 
Bducarion. He yras perhaps less happy as President of the Committee 
whioh selected the designs for our present coinage. 



ii Obituary NoUeea qf Fellows deceased. 

At the time of his death, Lord Avebury, although he retained a honae io 
London, had given up his house in St. James’s Square, and he died 
Kingsgate Castle, Kent. Another of his country residences was High Elau^ 
Down, end it may have been the association of Darwin and Avebury at 
this small Kentish village that first attracted Lord Avebury’s fi;ttention to 
natural history. 

One of his first books, and perhaps one of the most stimulating; was ' 
Origin of Civilisation and the Primitive Condition of Man,’ now in the sixth 
edition, a book which aroused interest and research in the past in many 
quarters. It was characteristic of him when he had to select a title for hia 
peerage to choose that of Avebury, the preservation of whose prehistoric 
remains he had taken so large a part in securing. At the time his last 
illness he was engaged in revising and partly rewriting a seventh edition of 
his well-known ‘ Prehistoric Times.’ 

Without being a great researcher. Lord Avebuiy took a very prominent 
part in encour^ug the research of others. Of his more scientific works, 
perhaps his monograph (published by the Ray Society) ‘ On the Collembola 
and Thysanura ’ has proved most useful ; for a long time it was the authori- 
tative work on these lowly insects, and still is so, especially with regard 
to the Collembola, whose distinction from the Thysanura was first recognised 
by the author. But many of his other works passed into numerous 
editions : ' British Wild Flowers, considered in Relation to Insects,’ reached 
the sale of 11,000 copies ; ‘ Ants, Bees, and Wasps ’ passed into the seventeenth 
edition ; and his works on ' Seedlings ’ and on ‘ Buds and Stipules ’ coutaiued 
much that is valuable and well worthy of record. 

He wrote two geological works which are still used with profit by students 
of the Universities ; one on ' The Scenery of Switzeiland,' and the other, 
published ten years ago, on * The Scenery of England,’ mid several treatises 
on more strictly economic lines. His works on Coins and Currency, on 
Free Trade, and on Municipal, and on National Trade, occur to oue’k 
mind. But apart from these more or less technical publicatioDS, Lord 
Avebury had a genuine "flair” for writing books wliich the public want 
Both parts of ‘The Pleasures of life’ sold over 200,000 copies, and 
Part I over a quarter of a million, besides being issued in no less than 
forty foreign editions, ‘The Use of Life’ and ‘The Beauties of Nature' 
were hardly less suooeesful, and everyone will remember his " Hundred Beet 
Books.” 

As the foregoing will show, Lord Avebury was a man of singulwly 
diversified activities and extreme width of interest That he should find 
occasion in the middle of a busy business career to do the work he did 
is indeed amazing^ but he was precise and very businees-iyte, and knew 
how to make the most of his time. 

He had after his name an alphabet of Honorary Degrees and membMships 
of Lesrned Societiea It need hardly be said that, he was covered with 
honours too numerous to ennmemte. He was Ixird Beetor of the Univeraify 
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4t- St. Andrews, Trustee of the British Musenm, and Foreign Seoretaiy to the 
Bbyal Aoademy. He served five distinct period on the Council of the B^al 
Society, the last being in the year 1906-7, and was three times Vice- 
President. He was Commander of tixe Legion of Honour, and held the 
Corman " Ordre pour le M4rite.” 

A. R S. 


PHILIP LUTLEY SCLATER— 1829-1913. 

Philip Lutlky Sclatkh was born in November, 1829, at Tangier Park, in 
Hampshire, where his father, Mr. William Lutley Sclater, then resided, though 
he shortly after moved to Hoddington House, another estate in the same 
county, not far from the old home of Gilbert White, where his boyhood was 
passed. 

In 1842 he went to Winchester College and was elected a scholar of Corpus 
Christi College, Oxford, in 1845, but being under age was not called into 
residence at the University until the following year. At Oxford he devoted 
his studies chiefly to mathematics, but at the same time he occupied much of 
his spare time in the pursuit of natural history, his speciality, as in after life, 
being ornithology. While at Oxford he was fortimatein becoming acquaint 
with H. £. Strickland, and at his house he met John Gould, shortly after the 
return of the latter from Australia. It was from them that he received his 
first serious instruction in ornithology, and it was during his Oxford days that 
he commenced his collection of birds. 

In 1849 he took his degree, obtaining a first class in Mathematics and a 
pass in Classics, but he remained for two years longer at college before 
proceeding to his M.A. degree. During this time he also studied modem 
languages and became familiar with French, German, and Italian, spending as 
much of his time as he could spare on the Continent. At Paris he made the 
acquaintance of Prince Charles Bonaparte, at whose house he was a constant 
visitor, and thus he received a further stimulus in his favourite pursuit of 
ornithology. 

In 1855 Sclater became a Fellow of Corpus Christi College, Oxford, and 
woe called to the Bar by the Honourable Society of Lincoln’s Inn and went 
on the Western Oiiouit for several years. In 1866 he visited America, in 
company with a Mend, and attended the American Association for the 
Advancement of Soienoe, at Saratoga, after which they proceeded to Niagara 
and the Great Lakes, and on foot to the upper waters of the St. Croix River, 
thence descending in a birch-bark canoe to the Mississippi. They finally 
returned to Philadelphia, where Sclater qient some time studying the fine 
ooReotums at the Academy of Natural Seienoes and meeting John Oasnn, 
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Joseph Xieidy, John ie Conte, and other well-known naturaliste, Tetarmo|| 
to Biigland about the end of the year. 

He now took up hie residence in London, oontinning his studies in naturei 
history and also practising at the Bar. He was a constant attendant at the 
meetings of the Zoological Society of London, of which he had been previonaly 
elected a Fellow, and in 1857 became a Member of the Council. In 1859 
Sclater, in company with his friend E. C. Taylor, made an expedition to Tunis, 
visiting the breeding places of the vultures, eagles, and other Kaptores and 
making considerable collections. 

About tliis time Mr. I). W. Mitchell, who had been Secretary to 
the Zoological Society, was appointed to superintend the new Jardin 
d’Aoclimatation in Paris ; thus the post became vacant, and Owen and Yarrell, 
influential membei-s of the Council, induced Sclater to apply for it, and at the 
Anniversary Meeting in 1859 he was unanimously elected. On his appoint- 
ment be found that a considerable re-osganisation of the Society’s affairs was 
necessary, the ‘Proceedinp’ and ‘Transactions’ were sadly in arreor, and 
the gardens themselves were much neglected. He at once set to work to 
reform these matters, and as a result the prosperity of the Society vastly 
increased. The number of Fellows was augmented from about 1700 in 1859 
to above 3000 when he resigned his post in 1902, and, similarly, the income 
rose in the same period from £14,000 to £30,000 and both the buildings in the 
Gardens and the offices in Hanover Square were replaced by much more 
suitable and commodious structiures, the library also received great attention 
and now became an important feature of the Society. From 1874 to 1876 he 
became private secretary to his brother (then the Bight Honourable Solater- 
Bootb, M.P., and afterwards Lord Basing), when he was President of the 
Local Government Board in Mr. Disraeli’s Administration. 

The British Ornithologists’ Union was established in 1858 for the study of 
general ornithology and Sclater was invited to become Editor to the first 
series of its quarterly jonrnal, ‘The Ibis.’ Volume I appeared in 1869, and 
the first series was completed in 1866. The next six volumes wore edited by 
Prof. A. Newton, and the third series by Osbert Salvin. From 1877 Sclater 
again became Editor, either alone or in company with a partner, till the end 
of the ninth series in 1912, and during this time he contributed many valuable 
papers to the Journal. In 1908, on the occasion of the Jubilee, Sclater, 
together with the three other surviving founders, F. D. Godman (President), 
W. H. Hudleston, and P. S. Godman, received the gold medal of the Society. 

With the British Association for the Advancement of Science be had a 
long connection, and attended many of the meetings after he became a 
member in 1847, including the visit to Montreal in 1884 and South Airica 
in 3 905. For several years he was Secretary of Seorion D, and at the 
Bristol meeting in 1876 was its President, and delivered an address on 
“The State of our Knowledge of Zoological Geography,” a subject whijfii had 
hitherto been much neglected. In geography be took a apecud intesmit ; he 
became a life member of the Geographical Society, and was a coortant 
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Philip iMthy Sclater. 

Miftendaat at its meetings. He resigned the Secretaryship of the Zoological 
Society in 1902 after forty- three years’ tenure of that office, ahd retired to 
his country house, Odiham Priory, in Hampshire, but was still a frequent 
vMbor at both the Natural History Museum and the library of the 
Zoological Society till shortly before his death. He continued a constant 
attendant at the dinners of the British Ornithologists’ Club, at which he 
usually presided. At the last meeting, held on June 11, 1913, he was 
presented by the club with an address, signed by nearly aU the members, and 
a piece of plate, in recognition of his services during the past twenty-one 
years, but he was, unfortunately, too unwell to be present, as be was suffering 
from a carriage accident, from the effects of which he died on June 27. 

Sclater married in 1862 Jane Anne Eliza, youngest daughter of Sir David 
Hunter-Blair, Bart, of Blairqiihan, Ayrshire, and leaves a widow and three 
eons and one daughter. 

With a view to obtain collections of natural history, Sclater assisted in 
promoting researches in foreign parts. Amongst these may specially be 
mentioned Sir H. H. Johnston’s expedition to Kilimanjaro, Prof. Balfour’s 
visit to Socotra, and many others. Sclater likewise travelled in many parts 
of Europe and North America, visiting the museums, and making the 
acquaintance of the principal zoologists. 

As before mentioned, he commenced his collection of birds while an 
undergraduate at Oxford, at that time intending to include those from all 
parts of the world, but afterwards resolved to confine himself to Central and 
South America alone, limiting himself to the orders Passeres, Picariee, and 
Psittaci. This collection, containing 8824 specimens, representing 3158 
species, including many types, was ultimately acquired by the Natural 
History Museum. 

Sclater received the honorary degree of Doctor of Philosophy from the 
University of Bonn in 1860, and was made a Doctor of lienee by the 
University of Oxford in 1901. He was elected a Fellow of the Eoyal 
Society in 1861, and served twice on the Council, was likewise a Fellow of 
the Linnean, Geographical, and Geological Societies, and a member of 
several other scientific societies both at home and abroad. 

Amongst the works published by Sclater may specially be mentioned 
• A Monograph on the Tanagrine Genus CaUiste ’ ‘ Zoological Sketches,’ by 
J. Wolf, with notes by P. L. Sclater, ‘ Exotic Ornithology,’ by P. L. Sclater 
and Osbert Salvin, and the ‘ Book of Antelopes,’ by P. L Sclater and 
Oldfield Thomas. In addition to these, he published over 1200 papers in 
vaviotts periodicals, chiefly on birds and mammals, besides many others in 
conjunction with Osbert Salvin, Forbes, and 0. Thomas, etc. His last paper 
in the ‘Ibis' was issued in the January number, 1913, while his first in 
the ‘ Zoologist ’ in 1844. 


F. D. G. 
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